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(54) PROCESS FOR PRODUCING NUCLEIC ACIDS 

(57) A process for producing 5'-inosinic add or 5'- 
guanylic acid usable in seasonings, etc. from inosine or 
guanosine or precursors thereof by using a microorgan- 
ism which carries a DNA encoding a protein having the 
activity of forming 5-inosinic acid or 5'-guanylic acid 
from inosine or guanosine and is capable of reproduc- 
ing adenosine triphosphate (ATP); a novel protein hav- 
ing an inosine-guanosine kinase activity; a gene 
encoding this protein; a recombinant DNA containing 
this gene; and a microorganism transformed thereby. 
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The present invention relates to a process for producing 5'-inosinic acid or 5'-guanylic acid for use in seasonings or 
the like from inosine or guanosine or a precursor thereof using adenosine triphosphate (ATP)-producing microorgan- 
isms containing a DN A encoding a protein that has the activity of forming 5*-inosinic acid or 5'-guanylic acid from inosine 
or guanosine. 

Further, the present invention relates to a novel protein having the inosine-guanosine Idnase activity, a gene encod- 
ing said protein, a recombinant DNA containing said gene, and a microorganism which is transformed with said recom- 
binant DNA. 

Bacl<around Art 

In order to produce 5'-inosinic acid by phosphorylating inosine using microorganisms, a method using p-nitrophenyl 
phosphate (Japanese Patent Publication No. 29,858/1964), a method using inorganic phosphoric acids (Japanese Pat- 
ent Publication Nos. 1.186/1967 and 44.350/1974). a method using acetyl phosphate (Japanese Patent Application 
Uid-Open No. 82.098/1981). and a method using ATP (Japanese Patent Application l^id-Open No. 230,094/1988) 
have been developed so far. However, the accumulation of 5'-inosinic acid which is produced by these methods has not 
necessarily been satisfactory As an improved method of phosphorylating inosine with ATR a method which comprises 
obtainingi&ypntJlnoSaihg inSsihe^uan^^^ l<ihase of' Esc/jerfc/j/a eo//- preparing an E. coli strain having the 
increased inosine-guanosine kinase activity by recombinant DNA technique, and phosphorylating inosine or guanosine 
using this strain to produce 5'-inosinic acid or 5*-guanylic acid, has been also developed (WO g-* '08286). However, this 
method requires that a microorganism for regenerating ATP to be consumed in the reaction is separately cultured and 
that its cells are added to the reaction solution. Accordingly, a method of obtaining 5'-inosinic add or 5'-guanylic acid 
more efficiently has been in demand. 

Moreover, it is only known that the inosine-guanosine kinase gene is present in some microorganisms such as £ 
coli [J. Gen. Microbiol., 135. 1263 - 1273 (1989)]. 

The present inventors have developed a proce^r|[tMM?5^^iilo§ihiGiacid< Shd^^ more effi- 

ciently. Consequently, they have found that 5'-inosiniclgllfi/6ir S'-gu^hylic add can be produced easily in a high yield 
by introdudng a gene encoding an inosine-guanosine kinase into a microorganism having suffident ability to regener- 
ate ATP to be consumed in the reaction. They have also found a novel Inosine-guanosine kinase having an amino-acid 
sequence which is different from that of an inosine-guanosine kinase derived from E. coli. 

35 Disdnsiirftfrfthe Invantinn 

The present invention relates to a process for produdng 5'-inosinic acid or 5'-guanylic acid for use in seasonings or 
the like from inosine or guanosine or a precursor thereof easily in a high yield. More specifically, the present invention 
IS to provide a process in which a gene encoding a protein that has the activity of converting inosine and/or guanosine 
into 5'-inosinic acid and/or 5'-guanylic acid is introduced into a microorganism having a suffident ability to regenerate 
ATP to be consumed in the reaction, whereby 5'-inosinic acid and/or 5'-guanylic add is easily obtained effidently in a 
high yield in the presence of only the microorganism having the gene introduced therein without separately culturing 
another microorganism for regenerating ATP to be consumed in the reaction and adding it to the reaction solution. 

Further, the present invention is to provide a novel protein which can be obtained from microorganisms belonging 
to Exiguobacterium acetylicum and which has the adivity of converting inosine and guanosine into 5'-inosinic acid and 
S'-guanylic acid, respectively, a gene encoding said protein, a recombinant DNA containing said gene, a microorganism 
which IS transformed with said recombinant DNA, and a process for produdng 5'-inosinic add and/or 5'-guanylic acid 
using this microorganism. 

The protein of the present invention is novel in that the amino-acid sequence of the protein of the present invention 
so IS vastly different from that of a known protein having inosine-guanosine kinase activity. An inosine-guanosine kinase 
derived from E.coli has been already known. The present inventors have found that a protein having the inosine-gua- 
nosine kinase activity is also produced in microorganisms belonging to the genus Exiguobacterium which were not 
known before to have the inosine-guanosine kinase activity, and they have succeeded in isolating this protein and clon- 
ing the gene encoding the protein. This protein is much different from the known protein with respect to the amino-acid 
55 sequence. 

It has been found for the first time by the present inventors that the protein having the amino-acid sequence quite 
different from that of the known protein having the inosine-guanosine activity has the same activity as the known oro- 
tein. 



40 



45 



EP 0 816 491 A1 



That is. the p resent invfintinn rplafps tn tha fnllnwinj- 



(1) a process for producing 5'-inosinic acid or 5'-guanylic add. which comprises contacting a transformant obtained 
by introducing a gene encoding a protein having inoslne-guanosine kinase activity into a microorganism capable of 

5 reproducing ATP, with inosine or guanosine or a precursor thereof, an energy source and a phosphate donor, accu- 
mulating 5'-inosinic add or 5'-guanylic add in the reaction solution, and collecting the same therefrom, 

(2) a process for producing 5'-inosinic add or 5'-guanylic acid according to (1), wherein t'le microorganism capable 
of reproducing ATP belongs to a genus selected from the group consisting of Corynebacterium, Escherichia, 
Saccharomyces, Staphylococcus and Candida, 

10 (3) a process for producing 5*-inosinic add or 5'-guanylic acid according to (1 ). wherein the microorganism capable 
of reprodudng ATP belongs to Corynebacterium ammoniagenes, 

(4) a process for produdng 5'-inosinic add or 5'-guanylic acid according to any one of (1) to (3), wherein the gene 
encoding the protein having inosine-guanosine kinase activity is a gene derived from Exiguobacterium acetylicum 
or a gene capable of hybridizing said gene, 
15 (5) a process for producing 5'-inosinic acid or 5'-guanylic acid according to any one of (1) to (3), wherein the gene 
encoding the protein having inosine-guanosine kinase activity is a gene derived from Escherichia cdi or a gene 
capable of hybridizing said gene, 

(6) a transformant obtained by introdudng a gene encoding a protein having inosine-guanosine kinase activity into 
a microorganism capable of reproducing ATP, 
20 (7) a transformant according (6), wherein tiie microorganism capable of reprodudng ATP belongs to a genus 
selected from the group consisting of Corynebacterium. Escherichia, Saccharomyces, Staphylococcus and 
Candida, 

(8) a transformant according to (6), wherein the microorganism capable of reproducing ATP belongs to Corynebac- 
terium ammoniagenes, 

25 (9) a transformant according to any of Claims 6 to 8, wherein tiie gene encoding a protein having inosine-guanos- 
ine kinase activity is a gene derived from Exiguobacterium acetylicum or a gene capable of hybridizing said gene, 

(10) a transformant according to any of (6) to (8), wherein the gene encoding a protein having inosine-guanosine 
kinase activity is a gene derived from Escherichia coll or a gene capable of hybridizing said gene, 

(11) a recombinant DNA being capable of replicating in Corynebacterium ammoniagenes and containing a gene 
30 encoding a protein having inosine-guanosine kinase activity, 

(12) a recombinant DNA according to (1 1), wherein the gene encoding a protein having inosine-guanosine kinase 
activity is a gene derived from Exiguobacterium acetylicum or a gene capable of hybridizing said gene, 

(13) a recombinant DNA according to (1 1), wherein the gene encoding a protein having inosine-guanosine kinase 
activity is a gene derived from Escherichia coli or a gene capable of hybridizing said gene, 

35 (14) a protein obtainable from a microorganism belonging to Exiguobacterium acetylicum having inosine-guanos- 
ine kinase activity and the following characteristics: 

1. Action 

The enzyme transfers a phosphate group to a nucleoside in the presence of a phosphate donor and forms 
a nudeoside 5'-monophosphate. 

2. Substrate specificity 

A phosphate group in the y-position of a nudeoside triphosphate is transferred to the other nucleoside. 

3. Optimum pH 

pH 7.7 - 9.9. 
45 4. pH stability 

pH 6.7 -12.1. 

5. Optimum temperature 

30 - 50*C. 

6. Metal requirement 

Magnesium ion, manganese ion, cobalt ion or iron ion 

7. Influence of metal ions 

The activity of the enzyme is strongly inhibited by copper ion and mercury ion, and is also inhibited by zinc 
ion and cadmium ion. 

8. Km values 

value is 0.03 mM for guanosine, 1 mM for inosine, and 1 .6 mM for ATP when guanosine is used as a 
substrate. 

9. Molecular weight 

The enzyme has a molecular weight of approximately 36 kilodaltons as measured by SDS-pdyacrylamide 
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(15) a protein having inosine-guanosine kinase activity and having the amino acid sequence which is shown in 
SEQ ID N0:2 or in which a part of amino acids are deleted, substituted or added in the amino acid sequence shown 
in SEQ ID N0:2, 

(16) a gene encoding a protein according to (14) or (15), and 

(17) a gene encoding a protein having inosine-guanosine activity, and having a nucleotide sequence shown in SEQ 
ID N0:1 or being capable of hybridizing a gene having said nucleotide sequence. 



In the present specification, the activity of phosphorylating inosine and guanosine with ATP and forming 5'-inosinic 
acid and S'-guanylic acid, respectively, is referred to as "inosine-guanosine, kinase activity". The protein having this 
activity is referred to as "an inosine-guanosine kinase". The microorganism having sufficient ability to regenerate ATP 
to be consumed in the reaction is referred to as "an ATP-producing strain". 
The present invention will be described in more detail below. 

The inosine-guanosine kinase referred to in the present invention is an enzyme that catalyzes the reaction of phos- 
phorylating inosine and guanosine with ATP or the like to form 5'-inosinic acid and 5'-guanylic acid, respectively The 
origin of this enzyme is not particularly limited but inosine-guanosine kinase derived from a microorganism is preferred 
It includes not only a novel enzyme obtained from a microorganism belonging to Exiguobacterium acetylicum or the like 
but also a known inosine-guanosine kinase obtained from E. coli. 

The novel protein which can be obtained from a microorganism belonging to Exiguobacterium acetylicum or the 
like and which has the inosine-guanosine kinase activity can be obtained by cuituring the microorganism, disrupting the 
obtained cells to prepare a crude enzyme extract, and purifying the enzyme from the crude enzyme extract As an 
example of such microorganisms, Exiguobacterium acetylicum ATCC 953 can be mentioned. 

Taxonomically, Exiguobacterium acetylicum had been called Brevibacterium acetylicum [Bergey's Manual of Sys- 
25 tematic Bacteriology, pp. 1301 - 1313 (1986)]. However, as a result of the genetic analysis, it is proposed that Brevibac- 
terium acetylicum should be transferred to the genus Exiguobacterium as Exiguobacterium acetylicum Tint J Svst 
Bacteriol., 44, 74-82(1994)]. i • y • 

The inosine-guanosine kinase can be purified by any method that does not impair the inosine-guanosine kinase 
activity. The purification is generally performed through liquid column chromatography Specifically, ion-exchange col- 
umn chromatography using a potassium chloride concentration gradient, hydrophobic column chromatography using 
an ammonium sulfate concentration gradient, and adsorption column chromatography using a phosphate buffer con- 
centration gradient may be used in combination. 

in the present invention, llpSpiwicH^ microorganism belonging to Exiguobacterium 

acetylicum and which has the inosine-guanosine kinase activity has the following properties. 



1. Action 



The enzyme transfers a phosphate group to a nucleoside in the presence of a phosphate donor and forms a 
nucleoside 5'-monophosphate. 

The phosphate donor is a nucleoside triphosphate. Examples of the nucleoside triphosphate include ATP, 2'- 
deoxyadenosine triphosphate, guanosine triphosphate, ^-deoxyguanosine triphosphate, and thymidine triphos- 
phate. 

Examples of the nucleoside to which the phosphate group is transferred include inosine, guanosine and 2'- 
deoxyguanosine. 

The nucleoside 5'-monophosphate includes 5'-monophosphate esters of the above-mentioned nucleosides 
45 and 5'-inosinate, 5'-guanylate, 2'-deoxy-5'-guanylate, etc. are given as the examples. 

2. Substrate specificity 

A phosphate group in the ^position of the nucleoside triphosphate is transferred to the other nucleoside 
Examples of the nucleoside triphosphate include ATP, 2'-deoxyadenosine triphosphate, guanosine triphos- 
phate, 2'-deoxyguanosine triphosphate, and thymidine triphosphate. 
50 Examples of the other nucleoside to which the phosphate group is transferred include inosine, guanosine and 

2'-deoxyguanosine. 

3. Optimum pH 

The optimum pH is between 7.7 and 9.9. 

4. pH stability 

55 The activity is stable in the pH range between 6.7 and 12.1 . 

5. Optimum temperature 

The optimum temperature is between 30 and 50*'C. 

6. Temperature stability 
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The enzyme is inactivated at 40°C or higher. 

7. Metal requirement 

Metal ions are required to proceed with the reaction. The reaction proceeds in the presence of magnesium ion, 
manganese ion, cobalt ion or iron ion. 
5 8. Influence of metal ions 

The activity of the enzyme is strongly inhibited by copper ion and mercury ion. and is also inhibited by zinc ion 
and cadmium ion. 

9. Km value 

Km value is 0.03 mM for guanosine, 1 mM for inosine, and 1 .6 mM for ATP when guanosine is used as a sub- 
10 strate. 

10. Molecular weight 

The enzyme has a molecular weight of approximately 36 kilodaltons as measured by SDS-polyacrylamide gel 
electrophoresis. 

15 A DNA fragment containing the structural gene encoding the protein that has inosine-guanosine kinase activity can 
be obtained by a known method using a purified protein. Examples of the known method include a method in which an 
antibody against the above-mentioned protein is prepared and a chromosomal gene expression library is screened, 
and a method in which the amino-acid sequence of the protein purified is analyzed and the gene library is screened 
using a probe which is synthesized based on this amino acid sequence. As the amino acid sequence, an internal amino 

20 acid sequence of the protein determined from a polypeptide generated by an appropriate proteinase digestion of the 
protein, in addition to N-terminal amino acid sequence of the protein. Examples of the probe include oligonucleotides 
synthesized based on the N-terminal amino-acid sequence or the Internal amino-acid sequence, those obtained by 
amplifying a region con-esponding to the N-terminal amino-acid sequence or the internal amino-acid sequence through 
the polymerase chain reaction (PGR) using a oligonucleotide synthesized based on the sequence, and those obtained 

25 by amplifying the region corresponding to a portion from N-terminal to the internal amino acid using oligonucleotides 
synthesized based on the N-terminal amino-acid sequence and the internal amino-acid sequence as primers. Further, 
there is a method in which a chromosome is ligated with a double-stranded oligonucleotide which is called a cassette! 
and the desired fragment is obtained by PGR using a primer of an oligonucleotide formed according to the N-terminal 
amino-add sequence and a primer formed according to the sequence of the cassette [Molecular and Cellular Probes 

30 6,467(1992)]. 

Specifically, a gene encoding a protein that has the inosine-guanine kinase activity of Exiguobacterium acetylicum 
can be obtained by amplifying a DNA fragment corresponding to the N-terminal region using PGR, synthesizing a 
primer based on the DNA fragment, and amplifying the fragment using PGR with the cassette. 

The determined sequence of 28 amino acids in the N-terminal of the protein obtained from Exiguobacterium 
35 acetyiicum ATGG 953 is represented by SEQ ID N0:3 in Sequence Usting. The 18th amino acid was not identified. 

Judging form this N-terminal amino acid sequence, the protein of Exiguobacterium acetylicum is quite different 
from tiie known inosine-guanosine kinase derived from E. coli as described in WO 91/08286, 

In order to obtain the aimed gene, the DNA encoding the N-terminal portion of the protein having the inosine-gua- 
nosine kinase activity Is specifically amplified by PGR using the primer synthesized based on the above-mentioned N- 
40 terminal amino-acid sequence and using tiie chromosome of the microorganism belonging to Exiguobacterium 
acetyiicum as a template, and is cloned. Ordinarily used is a primer in which the base composition is random, the Q^C 
content is approximately 50 %, no specific secondary structure is formed, the chains are not complementary to each 
other and the length is from 16 to 30 bases. The sequences of tiie primers are located at both terminals of the nucle- 
otide sequence con-esponding to the N-terminal region of the protein and are shown in SEQ ID No: 4 and 5 in Sequence 
45 Usting. 

In SEQ ID No:4. the 6th nucleotide is a mixture of T and C, 9th nucleotide is a mixture of A and G. 12th nucleotide 
is a mixture of T, G and A. 15th nucleotide is a mixture of T, C, A and G. And in SEQ ID No:5, the 3rd and 12th nucle- 
otides are a mixture of T and G, 6tii nucleotide is a mixture of T G, A and G, 9th and 15th nucleotides are a mixture of 
A and G. 

50 Then, the chromosome of the microorganism belonging to Exiguobacterium acetylicum is cleaved with an appro- 
priate restriction endonuclease. This cleaved substance is ligated with the cassette to form a template. A DNA fragment 
containing a stmctural gene portion or the upstream region of the protein having the inosine-guanosine kinase activity 
is specifically amplified by PGR using the above-mentioned template and the primer synthesized according to the 
nucleotide sequence corresponding to the N-terminal amino-acid sequence and tiie primer synthesized according to 

55 the cassette, and is cloned. The primer that satisfies the above-mentioned conditions, as shown in SEQ ID N0:6 and 7 
in Sequence Usting, can be used. 

A vector which Is autonomously replicable in E. coli used as a host can be employed as a vector for cloning the • 
gene. Examples of the vector include pUG19, pHSG298. pHSG398 and pBR322. Any strain which is suitable for the 
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replication of the vector can be used as a recipient strain of the resulting ffimmhinant HNft Fram pl OT of th e rocip i ont 

strain include E. coli strains such as HB101 , JM109 and DH5. 

The nucleotide sequence of the inosine-guanosine kinase gene present in the DNA fragment inserted into the vec- 
tor and the amino-acid sequence of the protein encoded by this gene can be determined by analyzing the nucleotide 

s sequence of this DNA fragment. The nucleotide sequence and the amino-acid sequence of the inosine-guanosine 
tanase of Exiguobacterium acetylicum ATCC 953 are represented by SEQ ID N0:1 and 2 in Sequence Usting, respec- 

The protein of the present invention comprises 303 amino acids, and the molecular weight is approximately 32 5 
kiiodaltons. ' 

10 The protein of the present invention includes not only the protein represented by SEQ ID N0:2 in Sequence Usting 
but also proteins obtained from other strains belonging to Exiguobacterium acetylicum and other natural mutants that 
have the inosine-guanosine kinase activity. 

Further, it is clear for a skilled person that proteins in which a part of the amino-acid sequence is substituted or 
deleted, proteins in which amino acids are added thereto and partially modified proteins may be used so far as these 
15 proteins have the inosine-guanosine kinase activity. 

Instead of the gene derived from Exiguobacterium acetylicum, a gene which is capable of hybridizing the gene can 
be used so far as it encodes the inosine-guanosine kinase. 

The gene which is capable of hybridizing the gene derived from Exiguobacterium acetyiicur can be obtained from 
the following strains. 

Exiguobacterium aurantiacum ATCC 35652 
Kurtiiia gibsonii ATCC 43 1 95 
Kurthia zopfii JCM 61 01 . 

The gene as mentioned above can be obtained by a known method using the homology. Specifically the followina 
method can be employed. " » 

First, the chromosomal DNA of any of the above-mentioned microorganisms is cleaved with an appropriate restric- 
Jon endonuclease. and the cleaved fragments are subjected to agarose gel electrophoresis. The cleaved fragments are 
tjotted on an appropriate transfer filter. The homologous fragments are detected by the Southern hybridization using 
the inosine-guanosine kinase gene derived from Exiguobacterium acetylicum as the probe to determine the length 

Among the fragments cleaved with the restriction endonuclease, the fragments having the aimed length is purified 
The purification is generally conducted through sucrose density gradient centrifugation or recovery from an agarose gei 
with a glass powder. The thus-purified fragments are ligated with an appropriate vector, and an E. coli strain is trans- 
formed with the thus-obtained recombinant vector. The clone containing the aimed fragment having the inosine-guano- 
sine kinase gene can be selected from among the resulting transformants using the colony hybridization method 

In the present invention, a gene encoding a known inosine-guanosine kinase can be used instead of the above- 
mentioned gene encoding the novel inosine-guanosine kinase. 

Ho.,^-*^® inosine-guanosine kinase gene, the gene derived from E. coli can be used [J. Gen. Microbiol 135 

^' 2236-2240 (1 995)], and it can be obtained from, for example. E. coli ATCC 27325* 
Tfie known gene encoding the inosine-guanosine kinase can be obtained using a known method. The gene encod- 
ing the inosine-guanosine kinase which can be used in the present invention can be also obtained from a chromosomal 
DNA of E. coll ATCC 27325 using the following method. 

First, primers are synthesized according to the sequence of the inosine-guanosine kinase gene derived from E coli 
as represented by SEQ ID No:10 in Sequence Listing (WO 91/08286). Oidinarily used are primers in which the base 
composition is random, the G+C content is approximately 50%, no specific secondary structure is formed, the chains 
are not complementary to each other and ttie length is from 15 to 30 bases. The sequences of the primers are located 
at Doth terminals of the inosine-guanosine kinase structural gene as shown in SEQ ID Nos. 11 and 12 

Then, the inosine-guanosine kinase structural gene can be amplified from the chromosomal DNA oil E coli by PGR 
using these primers and cloned. A vector derived from E. coli. such as pUC19 and pBR322 is used. Any recipient strain 
which IS suitable for the replication of the vector may be used for the resulting recombinant DNA. Examples of this recip- 
ient strain '"elude ^. co// strains such as HB101, JM109 and DH5. In this manner, the recombinant vector having tiie 
insertion of the DNA fragment containing the inosine-guanosine kinase gene of E. coli is obtained 

A gene which is homologous to ttie above-mentioned gene derived from E. coli and is capable of hybridizing ttie 
gene can be used, as in Exiguobacterium acetylicum. so far as it encodes ttie inosine-guanosine kinase 

The thus-obtained DNA fragment containing the gene encoding ttie protein that has the inosine-guanosine kinase 
activity IS introduced into a host cell which can regenerate ATP after recombining it again witti ttie other suitable vector 
or inserting the replication origin. 

A microorganism which has the sufficient ability to regenerate ATP to be consumed in the reaction from an ATP pre- 
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cursor fATP-producing abilrty) is used as thp host rftll \ 

In the present invention, the microorganism having the ATP -producing ability maybe any microorganism having the 
ability to regenerate ATP to be consumed in the reaction o{^converting inosine and/or guanosine into 5'-inosinic acid 
and/or 5'-guanylic acid from the ATP precursor in the reaction system whereby the reaction can proceed. Examples of 
5 this microorganism include microorganisms belonging to the genus Corynebacterium, Escherichia, Staphylococcus, 
Saccharomyces or Candida. The microorganisms belonging Xo^^rynebacterium ammoniagenes which have a high 
ability to produce ATP are especially preferable. Incidentally, Coryhebacterium ammoniagenes was classified before as 
Brevibacterium ammoniagenes. 

Specific examples of the microorganisms having the ATP-producing ability which are used in the present invention 
10 are strains shown below and mutants derived therefrom. 

Corynebacterium ammoniagenes (former name: Brevibacterium ammoniagenes) ATCC 6872 
Corynebacterium ammoniagenes (former name: Brevibacterium ammoniagenes) ATCC 21295 
Corynebacterium ammoniagenes (former name: Brevibacterium ammoniagenes) ATCC 21477 

15 Corynebacterium glutamicum ATCC 1 3020 

Corynebacterium glutamicum (former name: Brevibacterium flavum) ATCC 14067 
Corynebacterium glutamicum (former name: Brevibacterium lactofermentum) ATCC 13869 
Escherichia coli B (ATCC 1 1303) 
Saccharomyces cerevisiae ATCC 20018 

20 Staphylococcus aureus ATCC 40 1 2 
Candida zeylanoides ATCC 20356 

Candida psychrophila (former name: Torulopsis psychrophila) ATCC 22163 

Further, the microorganisms having the ATP-producing activity wherein the degrading activity of inosine and/or 
25 guanosine is weak or deficient are preferable. The following microorganisms are taken up from among the above-men- 
tioned microorganisms. 

Corynebacterium ammoniagenes ATCC 21295 
Corynebacterium ammoniagenes ATCC 21 477 

30 

As the ATP-producing microorganisms in the present invention, strains having the ability to produce inosine or gua- 
nosine from the precursor of inosine or guanosine in addition to the ATP-producing ability can be also used. In this case, 
5'-inosinic acid or 5'-guanylic acid can be produced from the inosine or guanosine precursor instead of inosine or gua- 
nosine. Examples of this precursor include saccharides such as glucose, sucrose, molasses and starch hydrolysate, 
35 organic acids such as acetic add, and alcohols such as glycerol and ethanol. 

The ATP-producing strains having the ability to produce inosine or guanosine include: 

Corynebacterium ammoniagenes ATCC 21478 
Corynebacterium ammoniagenes ATCC 21479 
40 Corynebacterium ammoniagenes ATCC 21 480 

The vector into which the gene encoding the inosine-guanosine kinase is integrated is not particularly limited so 
long as it can be replicated in the ATP-producing strains which are the recipient strains. For example, when bacteria 
belonging to the genus Corynebacterium are used as the ATP-producing strains, plasmids which can be autonomously 

45 replicated in these bacteria are mentioned. Specific examples thereof include pAM330 (Japanese Patent Application 
Laid-open No. 67,699/1983), pHM1519 (Japanese Patent Application Uid-Open No. 77,895/1983), pAJ655, pAJ611 . 
PAJ1844 (Japanese Patent Application Laid-Open No 192,900/1983), pCGI (Japanese Patent Application Laid-Open 
No. 134,500/1982), pCG2 (Japanese Patent Application Uid-Open No. 35,197/1983), pCG4, pCGll (Japanese Patent 
Application Laid-Open No. 183,799/1982), pGAI [Gene,-107, 69 (1991)], pHK4, and pHC4 (Japanese Patent Appllca- 

50 tion Uid-Open No. 7,491/1 993). When Escherichia coli is used as the ATP-producing strain, for example, Col El plas- 
mid, P15A plasmid, R-factor plasmid, F-factor plasmid and a phage plasmid can be used. Specific examples thereof 
include pBR322 [Gene, 2, 95 (1977)], pUC19 [Gene, 33, 103 (1985)]. pACYC184 [J. Bacterid, 134. 1 141 (1978)], and 
pSCIOI [Proc. Natl. Acad. Sci., U.S.A.. 70, 3240 (1973)]. When Saccharomyces cerevisiae is used as the ATP-produc- 
ing strain, YEp plasmid, YCp plasmid, YRp plasmid and YLp plasmid can be used. Specific examples thereof include 

55 YEp24, YRp7 and YCp50. When Staphylococcus aureus is used as the ATP-producing strain, pRITS [EMBO J.; 4, 1 075 
(1985)] can be used. 

In order to express the gene encoding the inosine-guanosine kinase at high frequency, it is advisable that the pro- 
moter sequence and the SD sequence be located upstream of the gene encoding the inosine-guanosine kinase. A 
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"method Of introducing these sequences is not particularly limited. The promoter sequence and the SD sfigufinrfl ran 

De introduced by a method in which the above-mentioned gene is inserted downstream of these sequences using the 
vector having these sequences, or a method in which these sequences are synthesized and inserted upstream of the 
above-mentioned gene. The promoter sequence and the SD sequence are not particularly limited. When the bacteria 
5 of the genus Corynebacterium are used as the ATP-producing strainsf^fc;,<lac;ahdTrp prb derived from E coli 
trp promoter derived from bacteria of the genus Corynebacterium [Gene. 53. 1 91 (1 987)]. fda promoter [Mol Microbiol ' 
3. 1625 (1989)]. ppc promoter [Gene, 77, 237 (1989)], lysC promoter (Mol. Microbiol., 5. 1197 (1991)] gdh promoter 
[Mol. Microbiol., 6, 317 (1992)], and cspl and csp2 promoters (Japanese Patent Application Uid-Open 502 548/1994) 
o« can be mentioned. When Escherichia coli is used as the ATP-producing strain, tac, lac and trp promoters derived from 
A promoter of X phage can be mentioned. When Saccharomyces cerevisiae is used as the ATP-producina 

V^V4 T'!"' ' ■ ^^^^ • ^^"-^ ■ Q^l-^' and MFal promoters can be mentioned. When Sta- 

phylococcus aureus Is used as tfie ATP-producing strain, spa promoter [J. Bacteriol., 159, 713 (1984)1 can be men- 
tioned. 

A method of introducing into the ATP-producing microorganism the recombinant DNA containing the gene encod- 
ing the protein that has the activity of converting inosine and/or guanosine into 5'-inosinic acid and/or 5'-guanylic acid 
IS not particularly limited. This introduction can be performed by a usual method. For example, when the bacteria of the 
genus Corynebacterium are used as the ATP-producing strain, the protoplast method (Japanese Patent Application 
Laid-open No. 183,799/1982) and electroporation (Japanese Patent Application Uid-Open No 207 791/1990) are 
especially effective. When Escherichia coli is used as the ATP-producing strain, the calcium chloride method [J Mol 
Biol., 53. 159 (1970)], the method of Hanahan [J. Mol. Biol., 166, 557 (1983)], tine SEM method (Gene. 96 23 (1990)1 
the method of Chung et al. [Proc. Natl. Acad. Sci., U.S.A.. 86. 2172 (1989)]. and electroporation [Nucleic Acids Res 
16, 6127 (1988)] can be used. There is a method in which a DNA is inti-oduced by preparing competent cells from cells 
at tiie stage of proliferation as reported witti respect to Bacillus subtilis [Gene. 1. 1 53 (1 977)]. Alternatively, a method in 
which cells of a DNA recipient strain are formed into protoplasts or spheroplasts that easily incorporate a recombinant 
25 DNA and the recombinant DNA is introduced into this DNA recipient strain, as reported with respect to Bacillus subtilis 
adinomycetes, and yeasts [Molec. Gen. Genet., mm (1979). Nature, 274, 398 (1978), and Proc. Natl Acad Sci' 
USA, 75, 1929 (1978)] can be also used. When Saccharomyces cerevisiae is used as the ATP-producing strain the 
recombinant DNA can be inti-oduced by the spheroplast method [Proc. Nati. Acad. Sci., U.S A 75 1929 (1978)]' the 
litiiium acetate method [J. Bacteriol.. 153. 163 (1983)]. or electroporation ["Methods in Enzymology" 194 182 (1991)] 
30 When Staphylococcus aureus is used as the ATP-producing strain, the introduction of ttie recombinant' DNA can be 
conducted by tine protoplast metfiod [Plasmid. 5. 292 (1981)]. 

In the protoplast metiiod. the high frequency can be obtained by the above-mentioned method which is used in 
Bacillus subtilis. However, as disclosed in Japanese Patent Application Laid-Open No. 183.799/1982 a method in 
which a DNA is incorporated into a state where protoplasts of cells of bacteria belonging to the genus Corynebacterium 
35 are brought into contact with eitiier polyethylene glycol or polyvinyl alcohol and divalent metal ions can be also utilized 
The uptake of the DNA can be enhanced by the addition of carboxymethyl cellulose, dextran, Ficol or Pluronic (made 
by Serva Co.) or the like instead of polyetfiylene glycol or polyvinyl alcohol. 

The recombinant DNA can be introduced into tfie recipient strain by the electroporation method (refer to Japanese 
Patent Application Uid-Open No. 207.791/1990). The transformation method used in Examples of the present inven- 
40 tion IS electroporation. 

Further, the inosine-guanosine kinase gene can be integrated into ttie chromosomal DNA of the ATP-producing 
microorganisms. The method of integrating this gene into ttie chromosomal DNA is not particularly limited For example 
^^?ffl*y>;e^sensitive. replication origin derived from bacteria of the genus Corynebacterium. an inosine-guanosine 
kinase gene and a marker which gives resistance to antibiotics such as chloramphenicol are inserted into a plasmid 
ntJ?''^ ^ recombinant DNA. The bacterium of the genus Corynebacterium is transformed witti this recombinant 
DNA. TTie transformant is cultured in a medium containing antibiotics at a temperature at which uie temperature-sensi- 
tive r^hcation ongin does not function, to form a transformant strain in which the recombinant DNA has been integrated 

T.oJ^.LtT"^"'"^' ""^^^ Japanese Patent Application Uid-Open No 

7.491/1993]. Or a method using a movable genetic element derived from bacteria of the genus Corynebacterium can 
be also used ["Mobile Genetic Elements". Academic Press, New York (1983). and WO 93/18151] 

The inosine-guanosine kinase activity can be expressed at high level by cutturing the thus-obtained transformant 
of ttie present invention into which the recombinant DNA containing ttie gene encoding ttie protein which has the inos- 
ine-guanosine kinase activity has been inttoducedpilin^fdihary culture medium containing a carbon source a nitro- 
gen source, inorganic salts and optionally ft-ace organic nuti-ients. 

- j;;Examples of the carbon source include saccharides such as glucose, sucrose, molasses and starch hydrolysate- 
organic acids such as|c^c^5aeid :and citric acid; and alcohols such as ethanol. Examples of ttie nitrogen source include 
urea, ammonium salteaqueous ammonia and ammonia gas. Examples of ttie inorganic salts include phosphates and 
potassium, magnesium, iron and manganese salts. Examples of the trance organic nutrients include amino acids 'vita- 
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mins. fatty adds and nucleic acids as well as peptone, yeast extract and soybean protein hydrolysate containing anv of 

The cultivation is aerobically carried out at a temperature of from 25 to 37*C for 10 to 40 hours while adjusting pH 
between 5 and 9. 

5 After the completion of the cultivation, the activity of the inosine-guanosine kinase accumulated in the culture is 
measured to confirm the titer. The activity can be measured by the method described in Molec. Gen. Genet. 143, 85 - 
91 (1975) using a substance obtained by disrupting the cells recovered from the culture through centrifugation or the 
like using sonication or French-press treatment, centrifuging the disrupted cells to remove the cell residues, and remov- \ 
ing low-molecular substances through gel filtration. ; 

10 The culture of the microorganism containing the gene encoding the inosine-guanosine kinase and having the ability : 
to biologically synthesize ATP from the ATP precursor, the cells separated from this culture, or the treated product of 
the cells is contacted with inosine or guanosine or the precursor thereof in the presence of the energy donor and the 
phosphate group donor, thereby forming 5*-inosinic acid or 5'-guanylic acid in the reaction solution. The cells can be 
separated from the culture through centrifugation or the like. The treated product of the cells includes acetone-treated 

15 cells, immobilized cells, disrupted cells, etc. 

Materials which are preferably used in the present invention are mentioned below. 

Examples of the precursor of inosine or guanosine include saccharides such as glucose, sucrose, molasses, starch 
hydrolysate, etc.; organic acids such as acetic acid, etc.; and alcohols such as glycerol, ethanol, etc. 

Examples of the energy donor include saccharides such as glucose, sucrose, starch hydrolysate. molasses, etc.; 
20 organic acids such as acetic acid, citric acid, etc.; and alcohols such as ethanol, etc. 

Examples of the phosphate group donor include inorganic phosphoric acids such as orthophosphoric acid, pyro- • 
phosphoric acid, polyphosphoric acid, tripolyphosphoric acid, polymethaphosphoric acid, hexamethaphosphoric add. s 
etc.; salts of these inorganic adds; and organic phosphoric adds such as phenyl phosphate, acetyl phosphate, car- I 
bamyl phosphate, etc. ] 
25 The effidency of the reaction can be improved by adding an ATP precursor, a surfactant, a metal ion, etc., to the 
reaction solution. 

Examples of the ATP precursor include adenosine diphosphate, adenylic acid, adenosine, adenine, adenine min- ; 
era! add salt, a ribonucleic acid hydrolysate, etc. I 

The surfactant may be a cationic, anionic or amphoteric surfactant so far as it enhances *he phosphorylation of ino- 
30 sine or guanosine. Examples of the metal ion indude magnesium ion, manganese ion, etc. 

In the ordinary phosphorylation reaction using a combination of an inosine-guanosine kinase and an ATP-produc- 
ing strain, an organic solvent is generally added to the reaction system (Japanese Patent Application Laid-Open No, 
230.094/1988 and WO 91/08286). Meanwhile, in the present invention, the reaction proceeds efficiently even when the i 
organic solvent is omitted in the reaction system. 
35 The reaction is aerobically performed at a temperature of from 25 to 37<*C for 10 to 30 hours while adjusting pH 
between 6 and 8. 

After the completion of the reaction, 5'-inosinic add or 5'-guanylic add accumulated in the reaction solution can be 
collected by ion-exchange resin treatment, crystallization, or the like. 

40 Best Mode of Can-vinq Out the Invention \ 

The present invention will be described more specifically by refen-ing to the following Examples. However, the 
present invention is not limited to these Exannples. 

45 Ex^mplQ 1 (Construction of a plasmid forffqjcesslngfan ihbsine-guanosine kinase gene derived from E. co// and intro- 
. ductibn of the same into Corynebacterium ammoniagenes) 

(1) Amplification of an inosine-guanosine kinase gene by PGR and doning thereof 

50 Oligonucleotides having the 5'- and 3 - franking sequences of the inosine-guanosine kinase gene derived from E, 
coli and restriction endonudease PstI and Hindlll deavage sites, respectively, as shown in SEQ I D N0:11 and 1 2, were 
synthesized by the phosphoramidite method using a DNA synthesizer (Model 394, manufactured by Applied Biosystem 
Co.). I 
0.25 Jig these oligonudeotides as primers, 0.1 jig of chromosomal DNA of E. coli W3110 (ATCC 27325) prepared 

55 by the method of Saito and Miura [Biochem. Biophys. Acta., 72, 619, (1963)] as a template and 2.5 units of taq DNA 
polymerase (made by Takara Shuzo Co.) were added to 0.1 ml of 10 mM N-tris(hydroxymethyl)methyl-2-aminoethane 
(hereinafter referred to as Tris^-hydrochloride buffer (pH 8.3) containing 200 fiM dATP, 200 fiM dCTP. 200 jJiM dGTP, 
200 ^iM dTTP, 50 mM potassium chloride, 1.5 mM magnesium chloride and 0.0001 % gelatin. PGR was carried out in 



which a three-temperature cycle, namely at 94^C for 30 seconds. 55°C for 30 seconds and at 72-C for 30 secnnris was 

repeated 25 times. The reaction solution was subjected to agarose gel electrophoresis, and the aimed DNA fragment 
was recovered using a glass powder (made by Takara Shuzo Co.), Approximately 2 ^ig of this DNA fragment, 20 units 
of endonuclease Psll and 20 units of Hindlll were mixed with 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 

5 mM magnesium chloride, 100 mM sodium chloride and 1 mM dithiothreitol, and the mixture was incubated at 37°C for 
2 hours. This digest was extracted with phenol and precipitated with ethanol in a usual manner. 

One microgram of plasmid pHSG298 (made by Takara Shuzo Co.) DNA, 20 units of restriction endonuclease P^l 
and 20 units of restriction endonuclease Hindlll were mixed with 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 
mM magnesium chloride. 100 mM sodium chloride and 1 mM dithiothreitol, and the mixture was incubated at 37°C for 

10 2 hours. After the completion of the incubation, the reaction mixture was extracted with phenol and precipitated with eth- 
anol in a usual manner to obtain plasmid pHSQ298 digested with Esll and idiQdIII. 0.1 ^ig of this pHSG298 digested with 
PsJI and Hindlll, 0.5 ^ig of the PCR-amplified fragment digested with PstI and Hindlll and 1 unit of T4 DNA ligase were 
added to 66 mM Tris-hydrochloride buffer (pH 7.5) containing 6.6 mM magnesium chloride, 1 0 r. ,M dithiothreitol and 1 0 
mM ATP, and the mixture was incubated at le^'C for 8 hours to ligate the DNA. Subsequently, E. coli JM109 (made by 

15 Takara Shuzo Co.) was transformed with this DNA mixture in a usual manner, and was inoculated on an L-agar plate 
medium containing 100 fig/ml of kanamycin to give transformants. 

Plasmids were extracted from the thus-obtained transformants by the alkaline lysis method described in Molecular 
Cloning 2nd edition, by J. Sambrook, E. F. Fritsch and T Maniatis, Cold Spring Harbour Uboratory Press, p. 1.25 
(1989), and were subjected to agarose gel electrophoresis in a usual manner. The recombinant plasmid in which the 

20 inosine-guanosine kinase gene was inserted into plasmid pHSG298 was selected. This plasmid was designated "pIGK- 



(2) Insertion o|j|ppr6moter^of E. coli 

An oligonucleotide having restriction endonuclease BimHI and Psll cleavage sites at the 5'- and 3'-terminals, 
respectively, as shown in SEQ ID N0:13, and an oligonucleotide having the complementary sequence were synthe- 
sized. These oligonucleotides in amounts of 1 \xg each were mixed, treated at lOO^'C for 5 minutes, and then cooled 
gradually to be annealed. This oligonucleotide solution and 20 units of Bam HI were mixed with 20 mM Tris-hydrochlo- 
ride buffer (pH 8.5) containing 10 mM magnesium chloride. 100 mM potassium chloride and 1 mM dithiothreitol, and 
the mixture was incubated at 30°C for 2 hours. The resulting digest was extracted with phenol, and precipitated with 
ethanol. After thus-obtained precipitate was digested with PstI in the same manner as in (1). the digest was extracted 
with phenol, and the extract was precipitated with ethanol to obtain the DNA fragment containing trp promoter of E coli 
and cleaved with Bam HI and Psll. 

One microgram of recombinant plasmid plGK-1 containing the inosine-guanosine kinase gene obtained in (1 ) was 
likewise digested with BamHI and Estl. The reaction solution was extracted with phenol and precipitated with ethanol in 
a usual manner to obtain the plasmid digested with BamHI and PsJI. 0.1 \ig of this pIGK-1 digested with Bam HI and 
PstI, 0.5 \ig of the above-obtained fragment digested with Bam HI and Psll and 1 unit of T4 DNA ligase (made by Takara 
Shuzo Co.) were added to 66 mM Tris-hydrochloride buffer (pH 7.5) containing 6.6 mM magnesium chloride, 10 mM 
dithiothreitol and 10 mM ATP. and the mixture was incubated at 16**C for 8 hours to ligate the DNA. Subsequently, E. 
coli JM109 (made by Takara Shuzo Co.) was transformed with this DNA mixture, and was inoculated on an L-agar plate 
medium containing 100 ^g/ml of kanamycin to obtain transformants. 

Plasmids were extracted from the thus-obtained transformants by the alkaline lysis method, and was subjected to 
agarose gel electrophoresis in a usual manner to select a recombinant plasmid in which the E. coli trp promoter was 
inserted in plasmid plGK-1. This plasmid was designated^i©f^2". v 

(3) Insertion of a|eRnpt|6n1i?igihfderived from Corynebacterium 

One microgram of recombinant plasmid plGK-2 containing the inosine-guanosine Idnase gene and the trp pro- 
moter obtained in (2) was digested with BamHI in the same manner as in (2). and the digest was extracted with phenol, 
and the extract was precipitated with ethanol. In order to prevent the re-binding, plasmid plGK-2 digested with Bam HI 
was subjected to dephosphorylation of the DNA fragment by the treatment using the bacterial alkaline phosphatase 
according to the method described in Molecular Cloning 2nd edition, by J. Sambrook. E. F. Fritsch and T. Maniatis. Cold 
Spring Harbour Laboratory Press, p. 1 .60 (1 989). 

Meanwhile. 1 \ig of plasmid pHC4 (Japanese Patent Application Uid-Open 7.491/1993) obtained by inserting a 
region of a replication origin derived from Corynebacterium glutamicum into pHSG399 (made by Takara Shuzo Co.) 
and 1 0 units of restriction endonuclease Kenl were added to 1 0 mM Tris-hydrochloride buffer (pH 7.5) containing 1 0 mM 
magnesium chloride and 1 mM dithiothreitol, and the mixture was incubated at 37°C for 2 hours. The reaction solution 
was extracted with phenol, and the extract was precipitated with ethanol. The ends of pHC4 cleaved with Kcal were 
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blunted bv a prescribed method us ing a DNA Blunting Kit (made by Takara Rhian Cn ) A phnsphnryiatoH RamHi linker 

(made by Takara Shuzo Co.) was linked with this plasmid using T4 polynucleotide ligase to obtain a DNA fragment hav- 
ing the Bam HI cleavage site on both sides of a region containing the plasmid replication origin derived from Corynebac- 
terium glutamicum. This DNA fragment and 20 units of Bam HI were mixed in the same buffer as that used in (2), and 
5 the mixture was incubated at SO^C for 2 hours. The reaction solution was extracted with phenol, and the extract was 
precipitated with ethanol. 

0.1 Jig of the above-obtained plasmid plGK-2 digested with Bam HI. 0.2 ng of the DNA fragment derived from plas- i 
mid pHC4 digested with Bam HI and 1 unit of T4 DNA ligase (made by Takara Shuzo Co.) were mixed in the same buffer 1 
as that used in (1). The mixture was incubated at 16**C for 8 hours to ligate the DNA. Subsequently, E. coli JM109 | 

10 (made by Takara Shuzo Co.) was transformed with this DNA mixture, and was inoculated on an L-agar plate medium \ 
containing 100 jig/ml of kanamycin to obtain transformants. 

Plasmids were extracted from the thus-obtained transformants by the alkaline lysis, and was subjected to agarose 
gel electrophoresis in a usual manner to select a recombinant plasmid in which the DNA fragment that is autonomously 
replicable within Corynebacterium was inserted in plasmid plGK-2. This plasmid was designated/rplGK-3". v 

15 E. coli AJ 1 261 7 containing plasmid pHC4 was deposited at the National Institute of BioscierTce and Human Tech- 
nology of the Agency of Industrial Science and Technology, 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 305. 
Japan, on April 24, 1991 under deposit No. PERM P-1 2215. It was transferred to deposit under the Budapest Treaty as 
of August 26, 1991 , and was assigned deposit No. PERM BP-3532. 

20 (4) Introduction of plGK-3 into Corynebacterium ammoniagenes ATCC 21477 j 

0.1 ng of plGK-3 obtained in (3) was introduced into Corynebacterium ammoniagenes ATGC 21477 by a usual j 
transformation method using electroporation (Japanese Patent Application Laid-Open No. 207,791/1990). The cells 
was inoculated on an agar plate medium containing 1 % peptone, 1 % yeast extract, 0.5 % sodium chloride, 0.5 % glu- 
25 cose and 50 ^ig/ml of kanamycin to obtain transformant ATCC 21477/pIGK-3. 

(5) Measurement of the inosine-guanosine kinase activity of tiie transformant 

Corynebacterium ammoniagenes ATCC 21477/plGK-3 obtained in (4) was inoculated in 50 ml of a medium (pH ; 

30 7.2) containing 1 % polypeptone, 1 % yeast extract, 5 % glucose, 0.4 % potassium dihydrogen phosphate, 0.1 % mag- j 
nesium sulfate, 0.5 % ammonium sulfate, 0.5 % urea, 0.001 % ferrous sulfate, 0.001 % manganese sulfate, 0.005 g/liter \ 
of thiamine hydrochloride, 0.01 g/liter of calcium pantothenate, 30 |jig of biotin, 0.05 % adenine and 50 mg/!iter of kan- 
amycin, and was cultured at 32*C for 24 hours. The culture was centrifuged in a usual manner to collect the cells, 
A step of suspending the cells in a 0.9 % sodium chloride solution and centrifuging the suspension was repeated 

35 twice to wash the cells. The resulting cells were suspended in 50 mM Tris-hydrochloride buffer (pH 7.9) containing 20 
% glycerol, 100 mM potassium chloride and 5 mM 2-mercaptoethanol, and the suspension was sonicated at 150 W for 
20 minutes using a device manufactured by Kubota K.K. The thus-treated suspension was centrifuged at 15,000 rpm 
for 30 minutes to obtain a supernatant. This supernatant was applied to column chromatography using a Sephadex G- 
15 column (manufactured by Pharmacia Co.) to remove low-molecular weight substances and the resultant solution 

40 was used as a crude enzyme solution. 

The inosine-guanosine kinase activity of tiie resulting crude enzyme solution was measured in a reaction mixture 
containing 100 mM Tris, 10 mM magnesium chloride, 1 mM ATP, 250 mM potassium chloride and 0.2 mM [S-^'^CJ-ino- 
sine. The crude enzyme solution was added to the reaction mixture, and incubated at 30*C for 30 minutes, A part of the 
reaction mixture was spotted on a silica gel plate (manufactured by Merck Co.) to terminate the reaction, and was devel- 

45 oped with an eluent containing n-butanol, ethanol and water at a volume ratio of 2:1 :1 . The spot of 5'-inosinic acid was 
detected and determined using a Bio-Image Analyzer (manufactured by Fuji Photo Film Co.). The protein concentration 
of the crude enzyme solution was determined by means of a protein assay kit (manufactured by Bio-Rad Co.) using 
bovine serum albumin as a standard, and the specific activity of tiie enzyme was calculated. As a control, the specific 
activity of ATCC 21477/pHK4, the transformant with plasmid pHK4, was measured. The results are shown in Table 1 . 

50 Corynebacterium ammoniagenes ATCC 21477/plGK-3 exhibited a high level of the activity whereas the activity of 
ATCC 21477/pHK4 was not detected. Rom these results, it was demonstrated that the inti-oduced gene derived from 
E.coli expressed tiie inosine-guanosine kinase activity in Corynebacterium ammoniagenes. 

Plasmid pHK4 has the structure in which the trp promoter and the inosine-guanosine kinase gene are removed 
from plGK-3, and was used as a control. 

55 The strain harboring pHK4 in E. coli HB101 was designated as AJ 13136 and deposited at National Institute of Bio- 
science and Human-Technology, Agency of Industrial Science and Technology, 1-3, Higashi 1-chome, Tsukuba-shi, 
Ibaraki-ken 305, Japan, on August 1 , 1995 under tiie Budapest Treaty with the accession N.*. PERM BP-51 86. 
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Strain 


Specific activity 
(nmol/min/mg • protein) 


ATCC21477/pHK4 
ATCC21477/plGK-3 


not detected 
186.6 



Example 2 (Prcjduction of 5*-inosinic acid from inosine using the strain containing inosine-guanosine l<inase gene 
derived from £. coli) . ,. 

;0r/hebmfefium ammoniagenes ATCC 21477/plGK-3 was inoculated in 450 ml of a medium (pH 7.2) containing 
1 % polypeptone. 1 % yeast extract. 5 % glucose. 0.4 % potassium dihydrogen phosphate, 0.1 % magnesium sulfate, 
0.5 % ammonium sulfate. 0.5 % urea. 0.001 % ferrous sulfate. 0.001 % manganese sulfate, 0.005 g/liter of thiamine 
hydrochloride. 0.01 g/liter of calcium pantothenate. 30 jig/Iiter of biotin, 0.05 % adenine and 50 mg/liter of kanamycin, 
and was cultured at sa'C for 24 hours. This culture was centrifuged at 7.000 rpm for 10 minutes to obtain 20 g of wet 
cells as a precipitate. 

The thus-obtained cells were suspended in amounts of 200 g/liter in 20 ml of a reaction solution (pH 7.2) containing 
50 g/liter of inosine. 20 g/liter of potassium dihydrogen phosphate. 30 g/Iiter of glucose, 5 g/liter of magnesium sulfate, 
1 0 g/liter of phytic acid (weight ratio 50%), 4 g/liter of Nymeen S-21 5 and 1 g/liter of adenine. The mixture was incubated 
at 32«C with stimng. The pH was adjusted to 7.2 using 4 N sodium hydroxide at times, and a decreased amount of 
potassium dihydrogen phosphate was added to the reaction mixture. The reaction was conducted using ATCC 
21477/pHK4 as a control. After 30 hours of the reaction, the amount of 5'-inosinic acid in the reaction solution was 
determined by high-performance liquid chromatography The results are shown in Table 2. The amount of 5'-inosinic 
acid accumulated was indicated in terms of the amount of disodium 5'-inosinate 7.5-hydrate. From the results, it was 
found that inosine was converted to 5'-inosinic acid by ATCC 21477/|3lGK-3 containing the inosine-guanosine' kinase 
gene derived from E. coli. 



Table 2 




Strain 


Amount of 5'-inosinic 
acid accumulated 
(g/liter) 


ATCC21477/pHK4 


not detected 

0imr 



Example 3 (Production of 5'-inosinic acid from Inosine using the strain containing the inosine-guanosine kinase gene 
derived from E. coli) 

The cells obtained in Example 2 was suspended in an amount of 200 g/liter in 50 ml of a reaction solution (pH 7.2) 
containing 60 g/liter of inosine, 20 g/liter of potassium dihydrogen phosphate, 30 g/liter of glucose, 5 g/liter of magne- 
sium sulfate, 10 g/liter of phytic acid (weight ratio 50%), 4 g/Iiter of Nymeen S-215 and 1 g/liter of adenine. The mixture 
was incubated at 32*'C by aerobically stimng. The pH was adjusted to 7.2 using 4 N sodium hydroxide throughout the 
reaction by monitoring using a pH meter, and a decreased amount of potassium dihydrogen phosphate was added to 
the reaction mixture. After 22 hours of the reaction, the accumulation amount of S'-inosinic acid was 113.8 g/liter, and 
the molar yield thereof based on inosine added was approximately 1 00%. 

Example 4 (Production of 5'-guanylic acid from guanosine using the strain containing the inosine-guanosine kinase 
gene derived from E. coli) 

The reaction was conducted in the same manner as in Example 2 except that 1 g/liter of guanosine was used 
instead of inosine in the reaction solution. After 30 hours of the reaction, the amount of 5'-guanylic acid in the reaction 
mixture was determined by high-performance liquid chromatography. As a result. 0.05 g/Iiter of 5'-guanylic acid were 
accumulated as calculated in terms of disodium 5'-guanylate 6.5-hydrate in the reaction mixture using ATCC 



21477yblGK-3. 
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Ex^mplQ $ (Purification of the protein having the inosine-guanosine kinase activity from Exiguobacterium acetylicum 
and properties thereof) 

5 

(1) Preparation of cells and a crude enzyme extract 

Exiguobacterium acetylicum ATCC 953 was inoculated in 100 ml of a medium (pH 7.2) containing 1 % polypep- \ 
tone, 1 % bacto yeast extract, 0.5 % glucose and 0.5 % sodium chloride, and was cultured at SO'^C for 24 hours. This \ 

10 culture was inoculated in 2 liters of the above-mentioned medium, and was incubated at SO'^C for 8 hours. The thus- - 
obtained culture was centrifuged at 7,000 rpm for 10 minutes, and the precipitate was washed twice with 0.9 % sodium 
chloride to obtain 10 g of wet cells. The cells were suspended in 10 ml of 100 mM Tris-hydrochlorlde buffer (pH 7.5) 
containing 1 00 mM calcium chloride and 1 mM dithiothreitol (buffer A), and was milled by means of a bead beater (man- 
ufactured by Biospeck Co.) using glass beads having a diameter of 0.1 mm. The suspension was centrifuged at 15.000 

IS rpm for 10 minutes, and the supernatant was dialyzed against the above-mentioned buffer to obtain approximately 20 
ml of a crude enzyme extract. 

The inosine-guanosine kinase activity of the crude enzyme extract was measured by the following method. Five 
microliters of the crude enzyme extract were added to 50 fil of 100 mM Tris-hydrochloride buffer (pH 7.5) containing 5 
mM magnesium chloride, 5 mM ATP, 100 mM potassium chloride and 0.2 mM [8-''^C]-inosine. This reaction mixture 

20 was incubated at SO^C for 30 minutes. Two microliters of the reaction mixture were spotted on a silica-gel plate (manu- ; 
factured by Merck Co.) to terminate the reaction, and was developed with an eluent containing n-butanol, ethanol and 
water at a volume ratio of 2:1 :1 . The spot of 5'-inosinic acid was detected and the amount of 5'-inosinic acid was deter- 
mined using a Bio-Image Analyzer (manufactured by Fuji Photo Film Co.). The concentratior. of the protein of the crude 
enzyme solution was determined by means of a protein assay (manufactured by Bio-Rad Co.) using bovine serum albu- i 

2S min as a standard, and the specific activity of the enzyme was calculated. The inosine-guanosine kinase activity of the : 
crude enzyme extract was 0.45 nmol/min/mg • protein. \ 

(2) Purification of the protein having the inosine-guanosine kinase activity ^ 

i 

30 The crude extract obtained in (1) was applied to a DEAE-Toyopearl (made by Tosoh Co.) column which had been i 
equilibrated with the buffer A. After being washed with the buffer A, the protein having the inosine-guanosine kinase I 
activity was eluted with the buffer A containing 200 mM potassium chloride. To 25 ml of the thus-obtained active frac- \ 
tion, ammonium sulfate was added to 30 % saturation. After tiie mixture was stin-ed at 4«C for 30 minutes, the precipi- \ 
tate was removed by centrifugation. The resulting supernatant was applied to a Butyl-Toyopearl (made by Tosoh Co.) 

35 column which had been equilibrated with the buffer A containing 30 % ammonium sulfate. After being washed with the i 
above-mentioned buffer, the protein having the Inosine-guanosine kinase activity was eluted using a linear concentra- \ 
tion gradient of 200 ml of the buffer A containing from 30% to 15% of ammonium sulfate. Approximately 15 ml of tiie 
resulting active fraction were dialyzed against 2 liters of 25 mM Tris-hydrochloride buffer (pH 7.5) containing 50 mM 
potassium chloride, 1 mM ditiiiotfireitol and 20 % glycerol (buffer B). 

40 This solution was centrifuged at 1 5,000 rpm for 1 0 minutes, and the resulting supernatant was applied to a MonoQ 
FPLC HR5/5 (made by Pharmacia Co.) column which had been equilibrated witii the buffer B containing 1 00 mM potas- 
sium chloride. After being washed with the buffer B, the protein having the inosine-guanosine kinase activity was eluted ] 
using a linear concentration gradient of ammonium sulfate from 100 mM to 500 mM. The tiius-obtained active fraction 
was dialyzed against 2 liters of 10 mM potassium phosphate buffer (pH 7.4) containing 1 mM dithiotiireitol and 20 % i 

45 glycerol (buffer C). and was applied to a hydroxyfapatite TSK-GEL HA- 1000 (made by Tosoh Co.) column which had \ 
been equilibrated with ttie above-mentioned buffer. After being washed with the above-mentioned buffer, the protein 
having tiie inosine-guanosine kinase activity was eluted using a linear concentration gradient of 30 ml of the buffer C 
containing from 10 mM to 500 mM of potassium phosphate. \ 
Approximately 6 ml of the thus-obtained active fraction was repeatedly applied to the hydroxylapatite column, and ^ 

50 the protein having the inosine-guanosine kinase activity was eluted using a linear concentration gradient of 30 ml of the 
buffer C containing from 10 mM to 200 mM of potassium phosphate. Two milliliters of the fraction with high activity 
among ttie thus-obtained active fractions were applied to a gel filti-ation Hiload Superdex 200pg 16/60 (made by Phar- 
macia Co.) column -which had been equilibrated with 25 mM Tris-hydrochloride buffer (pH 7.5) containing 1 mM dithio- 
threitol, 20 % glycerol and 100 mM potassium chloride, and were eluted witii tiie above-mentioned buffer. Five 

55 microliters of 2 ml of tiie fraction with high activity were subjected to SDS polyacrylamide, gel electrophoresis. As a 

result, a protein having a molecular weight of approximately 36 Wlodaltons was detected by tiie silver staining (Nacalai ; 
Tesque Co.), Thus, the protein having tiie activity of tiie inosine-guanosine kinase derived from Exiguobacterium \ 
acetylicum was purified, and the molecular weight thereof was found to be 36 kilodaltons as measured by SDS-poly- ' 



acrylamide gel electrophoresis. 



(3) Properties of the inosine-guanosine kinase derived from Exiguobacterium acetylicum 

5 The purified inosine-guanosine kinase was added to 100 mM Tris-hydrochloride buffer (pH 7.5) containing 5 mM 
magnesium chloride, 5 mM ATP. 100 mM potassium chloride. 0.16 mM guanosine and 0.04 mM [8-'''*C]-guanosine. 
Fifty microliter of this reaction mixture was used as a basic composition and the reaction was carried out at 30*»C for 10 
minutes. The enzyme had the following properties. 

10 1 . Action 



15 



20 



The enzyme transfers a phosphate group to a nucleoside selected from the group consisting of guanosine, inosine 
and 2'-deoxyguanosine using as a phosphate donor a nucleoside triphosphate selected from the group consisting of 
ATP, 2'-deoxyadenosine triphosphate, guanosine triphosphate, 2'-deoxyguanosine triphosphate and thymidine triphos- 
phate, and it forms a 5'-monophosphate of the nucleoside selected from the group consisting of 5'-guanylate, S'-inosi- 
nate and 2'-deoxy-5'-guanylate. respectively 

2. Substrate specificity 

The reaction was performed by using 0.5 mM of each of various nucleosides instead of guanosine and [y-^^pj.y^jp 
instead of ATR The thus-formed nucleoside 5'-phosphate was measured. The results are shown in Table 3. Guanosine, 
inosine and 2'-deoxyguanosine were used as a phosphate receptor. 



25 



30 



35 



Table 3 



Nucleoside (0.5 mM) 


Relative activity {%) 


guanosine 


100 


2'-deoxyguanosine 


4 


inosine 


5 


xanthosine 


0 


adenosine 


0 


2'-deoxyadenosine 


0 



The reaction was performed by using 5 mM of each of various nucleoside triphosphates instead of ATP. and the 
possible phosphate donors were examined. The results are shown in Table 4. 

Besides ATP, 2*-deoxyadenosine triphosphate, guanosine triphosphate. 2'Hjeoxyguanosine triphosphate and thy- 
midine triphosphate were used as the phosphate donor. 



Table 4 



Nucleoside triphosphate (5 mM) 


Relative activity (%) 


adenosine triphosphate 


100 


2'-deoxyadenosine triphosphate 


71 


guanosine triphosphate 


59 


!2'-deoxyguanosine triphosphate 


61 


cytidine triphosphate 


6 


uridine triphosphate 


4 


thymidine triphosphate 


35 


not added 


0 



3. Optimum pH 
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i 



The reaction was performed by changing the buffer to 100 mM of sodium acetate-acetic acid buffer (pH 4.2 - 5.6), 
2-morphGrinoethanesuIfonic acid (hereinafter referred to as "MES")-sodium, hydroxide buffer (pH 5.4 - 6.3), 3-mor- : 
5 phorinopropanesulfonic acid (MOPS)-sodium hydroxide buffer (pH 6.3 - 7.2), Tris-hydrochloride buffer (pH 7.2 - 8.8), 
cyclohexylaminopropanesulfonic acid (hereinafter referred to as "CAPS")- sodium hydroxide buffer (pH 8.8 - 10.4) or 
glycine-sodium hydroxide buffer (pH 10.3 - 1 1.0). The optimum pH was between 7.7 and 9.9. ^ 

I 

4. pH stability ] 

10 f 

TTie enzyme was treated at room temperature for 30 minutes with 250 mM sodium acetate-acetate buffer (pH 1 .5 
- 5.6), MES-sodium hydroxide buffer (pH 5.4 - 6.4), MOPS-sodium hydroxide buffer (pH 6.3 - 7.3), Tris-hydrochloride 
buffer (pH 7.2 - 8.8). CAPS-sodium hydroxide buffer (pH 8.9 - 10.4) or glycine-sodium hydroxide buffer (pH 10.5 - 13.3). 
each containing 2.5 mg/ml of bovine serum albumin, 25 mM potassium chloride, 0.25 mM dithiothreitol and 5 % glyc- 
15 erol. Then, the activity of the enzyme was measured. As a result, the activity of the enzyme was stable within the pH 
range between 6.7 and 12.1 

5. Optimum temperature 

20 The reaction was performed within the temperature range between 16*C and 60°C. As a result, the optimum tern- [ 
perature was between 30°C to 50**C. I 

6. Temperature stability j 

25 The enzyme was treated with 12.5 mM Tris-hydrochloride buffer (pH 7.5) containing 5 mg/ml of bovine serum albu- ^ 
min, 50 mM potassium chloride, 0.5 mM dithiothreitol and 10 % glycerol at 4 to 60*'C for 30 minutes, and the residual \ 
activity of the enzyme was measured. The activity of 50% or more was maintained upon the treatment at 25**C or lower, 
and the enzyme was inactivated at 40°C or higher. \ 

I 

30 7. Metal requirement | 

j 

The reaction was performed by changing magnesium chloride to various metal ions in the reaction solution. The ' 
results are shown in Table 5. It was found that the metal ions were required for the activity, and that the reaction pro- ; 
ceeded with manganese ions, cobalt ions and iron ions other than magnesium ions. 

35 j 



Table 5 





Metal salts (5 mM) 


Relative activity (%) 


40 


not added 


1 




MgCl2*6H20 


100 




MnCl2-4H20 


55 




ZnCl2 


1 


45 


NiClg • 6H2O 


1 




CaCl2-2H20 


1 




CoCl2»6H20 


36 


50 


MgS02 • 7H2O 


107 




FeSOz • 7H2O 


24 



I 

8. Effect of metal ions 

The relative activity of the enzyme in the presence of 1 mM of various metal ions in the reaction mixture is shown 
in Table 6. The enzyme was strongly inhibited by copper ions and mercury ions, and was also inhibited by zinc ions and 
cadmium ions. 



Table 6 



10 



15 



20 



Metal salts (1 mM) 


Relative viscosity (%) 


not added 


100 


MnClgMHgO 


81 


ZnCl2 


58 


NiCla'SHgO 


113 


CaCl2'2H20 


71 


CoCl2'6H20 


103 


BaCl2 


106 


CuCl2«2H20 


25 


CdCIa 


43 


HgGIg 


22 


MgS04«7H20 


110 


FeS04-7H20 


95 



25 



30 



35 



40 



45 



SO 



SS 



9. Km values 

The Km values of the enzyme which were measured by changing the substrate concentration of the reaction com- 
position were 0.03 mM for guanosine, 1 mM for inosine, and 1.6 mM for ATP when guanosine was used as a substrate. 

10. Molecular weight 

The enzyme had a molecular weight of approximately 36 Wlodaltons as measured by SDS-polyacrylamide oel elec- 
trophoresis. ' / » 

Exanple 6 (isolation of the gene from the chromosome of Exiguobacterium acetylicum) 

(1) Determination of an N-terminal amino-acid sequence 

_ Approximately 2 ml of the active fraction obtained in Example 5 (2) was concentrated to approximately 0 2 ml 
through centrifugation at 6,000 rpm for 3 hours using Centricon-10 (manufactured by Amicon Co.). The protein was 
blotted on a filter through centrifugation using Prospin (manufactured by Applied Biosystem Co.). This filter was washed 
three times with 20 % methanol, and then dried. The N-terminal amino-acid sequence of the protein was determined 
using a protein sequencer 476A (manufactured by Applied Biosystem Co.). The amino-acid sequence determined is 
represented by SEQ ID N0:3 in Sequence Usting. In this Sequence Usting. Xaa represents an unidentified amino acid 
Twenty-eight ammo acids including one unidentified amino acid at the N-terminal were determined. 

(2) Preparation of chromosomal DNA of Exiguobacterium acetylicum and amplification of the N-terminal region 

Three grams of wet cells of Exiguobacterium acetylicum ATCC 953 were obtained from 500 ml of the culture in the 
same manner as in Example 5 (1). Chromosomal DNA was extracted from the cells by the method of Saito and Miura 
[Biochem. Biophys. Acta.. 72, 619. (1963)]. 

According to the N-terminal amino-acid sequence obtained in (1). oligonucleotides were synthesized. With respect 
to the nucleotide sequences, mixtures of oligonucleotides shown in SEQ ID NO: 4 and 5 were used in consideration of 
degeneracy of codons. 

0.25 nmols of the oligonucleotides as primers, 0.1 ^lg of chromosomal DNA of Exiguobacterium acetylicum as a 
template and 2.5 units of taq DNA polymerase (made by Takara Shuzo Co.) were added to 0. 1 ml of 1 0 mM Tris-hydro- 
chloride buffer (pH 8.3) containing 200 jiM dATP, 200 jiM dCTP. 200 |iM dGTP. 200 nM dTTP, 50 mM potassium chlo- 
nde, .5 mM magnesium chloride and 0.0001 % gelatin. PCR was performed in which a three-temperature cycle 
namely at 94»C for 30 seconds, at 55«C for 30 seconds and at 72»C for 1 minute was repeated 30 times. The reactiori 



EP 0 816 491 A1 



s o lut i on was s ubj e ct e d to agaro se g el eie ctrophoroc i c, and tho amp l ifiod DNA frogmont hav i ng a l e ng t h of app ro x i- 

mately 80 bases was recovered using a glass powder (made by Takara Shuzo Co.). Approximately 0.2 ng of this DNA 
fragment were added to 50 ^il of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 2 units of Klenow fragment. 200 
ftM dATP, 200 fiM dCTP. 200 \M dGTP, 200 |iM dTTP, 1 mM 2-mercaptoethanol and 7 mM magnesium chloride. The 

5 mixture was subjected to a blunting reaction at 37**C for 30 minutes. The reaction mixture was extracted with phenol, 
and the extract was precipitated with ethanol. The thus-precipitated DNA fragment having the blunt ends was dissolved 
in 50 mM Tris-hydrochloride buffer (pH 7.6) containing 10 units of T4 polynucleotide kinase, 10 mM magnesium chlo- 
ride, 5 mM dithiothreitol, 0.1 mM spermidine and 0.1 mM EDTA, and was subjected to a reaction of phosphorylating 
ends at 37*C for 1 hour. The reaction mixture was extracted with phenol, and the extract was precipitated with ethanol. 

10 The PGR product having the phosphorylated blunt ends was recovered as a precipitate. 

One micrograms of plasmid vector pUC18 (made by Takara Shuzo Co.) and 20 units of restriction endonuclease 
Sma l were mixed with 33 mM Tris-acetate buffer (pH 7.9) containing 10 mM magnesium acetate, 66 mM potassium 
acetate, 0.5 mM dithiothreitol and 0.01 % bovine serum albumin, and the mixture was incubated at SO^'C for 2 hours to 
obtain a digest. This digest was extracted with phenol and precipitated with ethanol in a usual manner. Then, in order 

75 to prevent the re-binding of the DNA fragment derived from the plasmid vector, the DNA fragment was dephosphor- 
ylated. The resulting fragment was extracted with phenol and precipitated with ethanol in a usual manner. 

0.1 |xg of this pUCI 8 digested with Sma l. 0.1 ^ig of the PGR product having the phosphorylated blunt ends and 1 
unit of T4 DNA ligase (made by Takara Shuzo Co.) were added to 20 \i\ of 66 mM Tris-hydrochloride buffer (pH 7.5) con- 
taining 6.6 mM magnesium chloride, 10 mM dithiothreitol and 10 mM ATR The mixture Wc»s incubated at 16'*C for 8 

20 hours to ligate the DNA. Subsequently, E. coli JM109 (made by Takara Shuzo Co) was transformed with the DNA mix- 
ture in a usual manner, and was inoculated on an L-agar medium containing 100 jig/ml of ampicillin to obtain transform- 
ants. 

Plasmids were extracted from the transformants by the alkaline lysis method. 

The plasmids contained a DNA fragment of approximately 80 bases derived from the chromosomal DNA of Exig- 
25 uobacterium acetylicum ATCC 953. The nucleotide sequence of the DNA fragment was determined using this plasmid 
DNA. The determination of the nucleotide sequence was conducted according to the method of Sanger [J. Mol. Biol., 
143, 161 (1980)] using Taq, DyeDeoxy Terminator Cycle Sequencing Kit (made by Perkin Elmer Co.). Thus, the nucle- 
otide sequence of 83 bases of the DNA corresponding to the N-terminal region of the inosine-guanosine kinase protein 
of Exiguobacterium acetylicum ATCC 953 was determined. 

30 

(3) Isolation of the DNA fragment containing the gene encoding the inosine-guanosine kinase of Exiguobacterium 
acetylicum 

Ten micrograms of the chromosomal DNA of Exiguobacterium acetylicurv ATCC 953 prepared in (2) were added 

35 to 50 mM Tris-hydrochloride buffer (pH 7.5) containing 40 units of EcqRI, 10 mM magnesium chloride, 100 mM sodium 
chloride and 1 mM dithiothreitol, and the mixture was incubated at 37°C for 2 hours. The reaction mixture was extracted 
with phenol and precipitated with ethanol in a usual manner to obtain tiie chromosomal DNA of Exiguobacterium 
acetylicum ATCC 953 digested with EcoRI. One microgram of this DNA digested with EcoRI, 0.05 |jig of EcoRI cassette 
(made by Takara Shuzo Co.) and 10 units of T4 DNA ligase were added to 66 mM Tris-hydrochloride buffer (pH 7.5) 

40 containing 6.6 mM magnesium chloride, 10 mM dithiothreitol and 10 mM ATR The mixture was incubated at 16*C for 8 
hours to ligate the DNA. The reaction mixture was extracted with phenol, and the extract was precipitated with ethanol 
to obtain the chromosomal DNA digest of Exiguobacterium acetylicum ATCC 953 ligated with EegRl cassette. 

Oligonucleotides SI and S2 having tiie nucleotide sequences shown in SEQ ID N0:6 and 7 were synthesized 
according to the sequence determined in (2). 

45 0.2 jimols of oligonucleotide SI and 0.2 jimols of cassette primer CI (made by Takara Shuzo Co.) as primers, 0.2 
^.g of the chromosomal DNA digest of Exiguobacterium acetylicum ATCC 953 ligated with EcqRI cassette as a template 
and 2.5 units of taq DNA polymerase (made by Takara Shuzo Co.) were added to 0.1 ml of 10 mM Tris-hydrochloride 
buffer (pH 8.3) containing 2O0 fiM dATP, 200 \M dCTP, 200 jtM dGTP, 200 \iM dTTR 50 mM potassium chloride, 1.5 
mM magnesium chloride and 0.0001 % gelatin. PCR was performed in which a three-temperature cycle, namely at 

50 94*'C for 30 seconds, at 55*'C for 2 minutes and at 72**C for 3 minutes was repeated 25 times. PCR was performed 
under tine above-mentioned conditions using 1 jil of tiie reaction mixture as a template, and 0.2 jtmols of oligonucleotide 
S2 and 0.2 ^unols of cassette primer C2 (made by Takara Shuzo Co.) as primers. A part of the reaction mixture was 
subjected to agarose gel electrophoresis. As a result, a fragment of approximately 1,000 base pairs was specifically 
amplified. The DNA fragment extending from the N-terminal region of the protein to the EcoRI cleavage site in down- 

55 Stream of the gene was obtained. 

This DNA fragment was recovered using a glass powder (made by Takara Shuzo Co.). Approximately 0.2 ng of this 
DNA fragment were subjected to a blunting reaction at 37^*0 for 30 minutes using Klenow fragment. The reaction mix- 
ture was extracted witii phenol, and the extract was precipitated with etiianol. The DNA fragment recovered as a pre- 



cipitate was subjected to a reaction of phosphorvlatino ends at 37^C for 1 hour using T4 pnlynuHontiHo innaca th^ 
reaction mixture was extracted with phenol, and the extract was precipitated with ethanol. The PGR product having the 
phosphorylated blunt ends were recovered as a precipitate. 

One microgram of plasmid vector pUC18 (made by Takara Shuzo Co.) was treated with restriction endonuclease 
SDial at 30*C for 2 hours to obtain a digest. This digest was extracted with phenol and precipitated with ethanol in a 
usual manner. Subsequently, the DNA fragment was dephosphorylated by the treatment with bacterial alkaline phos- 
phatase, extracted with phenol, and precipitated with ethanol. 

0.1 fig of this pUC18 digested with Srnal, 0.1 \ig of the PGR product having the phosphorylated blunt ends and 1 
unit of T4 DNA llgase (made by Takara Shuzo Co.) were reacted at IS^'C for 8 hours to ligate the DNA. Then, E. coli 
JM109 (made by Takara Shuzo Co.) was transformed with this DNA mixture, and inoculated on an L-agar plate 
medium-containing 100 fig/ml of ampicillin to obtain transformants. 

Plasmids were extracted from the thus-obtained transformants by the alkaline lysis method and the plasmid con- 
taining the PCR-amplffied fragment was selected. This plasmid was designated "pCS2". 

Oligonucleotides complementary to the oligonucleotides SI and S2 were synthesized and designated S4 and S3 
respectively The amplification was performed by PGR under the same conditions as mentioned above using oligonu- 
cleotide S3 and cassette primer C1 (made by Takara Shuzo Go.) as primers and the chromosomal DNA digest of Exig- 
uobacterium acetylicum ATGG 953 ligated with EsqRI cassette as a template. PGR was performed using the thus- 
obtained reaction mixture as a template and oligonucleotide S4 and cassette primer G2 (made by Takara Shuzo Co.) 
as primers. The DNA fragment of approximately 2,300 base pairs extending from the N-terminal region of the protein 
to the EcqRI cleavage site in upstream of the gene was amplified. 

Approximately 0,2 fig of this DNA fragment were subjected to a blunting reaction at 37*'G for 30 minutes using Kle- 
now fragment. The reaction mixture was extracted with phenol, and the extract was precipitated with ethanol. The DNA 
fragment recovered as a precipitate was mixed with 50 fil of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 
units of restriction endonuclease KeiH, 10 mM magnesium chloride and 1 mM dithiothreitol. The mixture was incubated 
at 37'*C for 2 hours to obtain a digest. The digest was extracted with phenol, and the extract was precipitated with eth- 
anol. 

One microgram of plasmid vector pUCI 8 (made by Takara Shuzo Co.), 5 units of restriction endonuclease KeqI and 
5 units of restriction endonuclease HdcII were mixed with 50 (il of 33 mM Tris-acetate buffer (pH 7.9) containing 10 mM 
magnesium chloride, 50 mM sodium chloride and 1 mM dithiothreitol. The mixture was incubated at 37°C for 2 hours to 
obtain a digest. The digest was extracted with phenol, and the extract was precipitated with ethanol. 

0.1 fig of this pUC1 8 digested with KeqI and Hiosll, approximately 0.1 fig of the PGR product subjected to the blunt- 
ing reaction and digested with Kgnl were reacted using T4 DNA ligase (made by Takara Shuzo Go.) at 16**G for 8 hours 
to ligate the DNA. Then, E. co// JM109 (made by Takara Shuzo Co.) was transformed with this DNA mixture, and inoc- 
ulated on an L-agar plate medium containing 100 fig/ml of ampicillin to obtain transformants. 

Plasmids were extracted from the thus-obtained transformants through the alkaline lysis method. A plasmid con- 
taining a DNA fragment of approximately 600 base pairs extending from the N-terminal region of the protein to the Kgnl 
cleavage site in upstream of the gene was selected. This plasmid was designated "pKS4". 

(4) Determination of the nucleotide sequence of the inosine-guanosine kinase gene of Exiguobacterium acetylicum 

The nucleotide sequences of plasmids pGS2 and pKS4 obtained in (3) were determined. The nucleotide sequence 
of the open reading frame to be presumed therefrom is represented by SEQ ID N0:1 in Sequence Listing. The amino- 
acid sequence of the product to be presumed from this nucleotide sequence is represented by SEQ ID N0:2 in 
Sequence Listing. That is. the gene encoding the protein having the amino-acid sequence represented by SEQ ID N0:2 
in Sequence Listing is the inosine-guanosine kinase gene of Exiguobacterium acetylicum ATGG 953. 

The nucleotide sequence and the amino-acid sequence were compared with the known sequences with respect to 
homology EMBL and SWISS-PROT were used as data base. As a result, it was found that the DNA represented by 
SEQ ID N0:1 in Sequence Usting and the protein encoded by this DNA are novel, and that the nucleotide sequence is 
less homologous to the sequence encoding the E. coli inosine-guanosine kinase which is the only one known as a gene 
encoding the inosine-guanosine kinase, and is quite different therefrom. 

The protein encoded by this gene was composed of 303 amino acids, and the molecular weight of the protein pre- 
sumed from the amino acid sequence was 32.5 kilodaltons. 
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Example 7 ^Construction of a plasmid for expressing the tnosinft-guanosinfi kinago HorK/oH fmr^^ f^navotactenum 

acetylicum ATCC 953 and introduction of the same into Corynebacterium ammoniagenes) 

(1) Amplification of the inosine-guanosine kinase gene by PGR and cloning thereof 

5 

Oligonucleotides having the 5'- and 3'- flanking sequence of the inosine-guanosine kinase gene of Exiguobacte- 
rium acetylicum and restriction endonudease Psll and Sghl cleavage sites, respectively, as shown in SEQ ID N0:8 and 
9 were synthesized. 

0.25 junoles of these oligonucleotides as primers. 0. 1 jig of the chromosomal DNA of Exiguobacterium acetylicum 

10 ATCC 953 prepared in Example 6 (2) as a template and 2.5 units of taq DNA polymerase (made by Takara Shuzo Co.) 
were added to 0.1 ml of 10 mM Tris-hydrochloride buffer (pH 8.3) containing 200 fiM dATP, 200 dCTP, 200 jiM dGTP, 
200 ^iM dTTR 50 mM potassium chloride, 1.5 mM magnesium chloride' and 0.0001 % gelatin. PGR was carried out in 
which a three-temperature cycle, namely at 94**C for 30 seconds, at 55°C for 30 seconds and at 72*'C for 30 seconds, 
was repeated 25 times. The reaction mixture was subjected to agarose gel electrophoresis, and the aimed DNA frag- 

75 ment was recovered using a glass powder (made by Takara Shuzo Co.). Approximately 2 jtg of this DNA fragment, 1 0 
units of restriction endonudease Esll and 10 units of restriction endonudease Sph I were mixed with 50 \i\ of 50 mM 
Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride, 100 mM sodium chloride and 1 mM dithioth- 
reitol. The mixture was incubated at 37^C for 2 hours to obtain a digest. This digest was extracted with phenol, and the 
extract was precipitated with ethanol. 

20 One microgram of plasmid pHSG298 (made by Takara Shuzo Co.), 20 units of restriction endonudease Psll and 
20 units of restridion endonudease Sghl were mixed with 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM 
magnesium chloride, 100 mM sodium chloride and 1 mM dithiothreitol. The mixture was incubated at 37*C for 2 hours. 
The reaction mixture was extracted with phenol and predpitated with ethanol in a usual manner to obtain plasmid 
PHSG298 digested with PstI and SEhl. 0. 1 |ig of this plasmid pHSQ298 digested with Psll and Sfihl, 0.5 ^tg of the PCR- 

25 amplified fragment digested witii Psll and Sfihl and 1 unit of T4 DNA ligase (made by Takara Shuzo Co.) were added 
to 66 mM Tris-hydrochloride buffer (pH 7.5) containing 6.6 mM magnesium chloride, 10 mM dithiothreitol and 10 mM 
ATR The mixture was incubated at le^C for 8 hours to ligate the DNA. Subsequently, E, coll JM109 (made by Takara 
Shuzo Co.) was transformed with this DNA mixture in a usual manner, and was inoculated cj an L-agar plate medium 
containing 1 00 ^ig/ml of kanamycin to obtain transformants. 

30 Plasmids were extraded from the thus-obtained transformants by the alkaline lysis method, and was subjected to 
agarose gel electrophoresis. A recombinant plasmid in which the inosine-guanosine kinase gene derived from Exiguo- 
bacterium acetylicum was inserted into vector plasmid pHSG298 was selected. This plasmid was designated "pBA-1". 

(2) Insertion of E. coli trp promoter 

35 

A DNA fragment containing E. coli trp promoter cleaved with Bam HI and P§ll was prepared in the same manner 
as in Example 1 (2). 

One microgram of the recombinant plasmid pBA-1 having inserted therein the DNA fragment containing the inos- 
ine-guanosine kinase gene as obtained in (1) was digested with Bam Hi and Psll. The reaction mixture was extracted 

40 with phenol and precipitated witii ethanol in a usual manner to obtain a plasmid digested with EamHI and £stl. 0.1 fig 
of this plasmid digested with BamHI and Psll were ligated with the DNA fragment containing the E. coli trp promoter 
digested with BamHI and Psll using 1 unit of T4 DNA ligase (made by Takara Shuzo Co.). Subsequently, E. co// JM109 
(made by Takara Shuzo Co.) was transformed with this DNA mixture, and was inoculated on a L-agar plate medium 
containing 100 fig/ml of kanamycin to obtain transformants. 

45 Plasmids were extraded from the tiius-obtained transformants, and were subjeded to agarose gel electrophoresis. 
A recombinant plasmid in which the E. co// trp promoter was inserted into the plasmid pBA-1 was selected. This plas- 
mid was designated "pBA-2". 

E. coli AJ 13094 containing plasmid pBA-2 was deposited at National Institute of Biosdence and Human Technd- 
ogy, Agency of industrial Sdence and Technology 1-3, Higashi 1 chome. Tsukuba-shi. Ibaraki-ken 305, Japan, on April 

so 27, 1995 under the Budapest Treaty with the accession No. PERM BP-5089. 

(3) Insertion of a replication origin cJerived from a baderium of the genus Corynebacterium 

In the same manner as in (2), 1 ^tg of recombinant plasmid pBA-2 containing the inosine-guanosine kinase gene 
55 and the trp promoter obtained in (2) was digested with BamHI. The digest was extraded with phenol, and the extract 
was precipitated with ethanol. The precipitate was digested with KenI in the same manner as in Example 6 (2), and the 
digest was extraded with phenol, and the extrad was precipitated with ethand. The thus-obtained plasmid pBA-2 
digested with BamHI and KqqI was subjected to dephosphorylation of the DNA fragment through the baderial phos- 



Phatase treatment. The res ulting substanc e was extracted with phenol, and the ftxtrant was prpripitatfyi with othanni ; 

Meanwhile, 1 of plasmid pHC4 (Japanese Patent Application Laid-Open 7,491/1993) was digested likewise with 
BamHI and i^l. The digest was extracted with phenol, and the extract was precipitated with ethanoL 0.1 |Jig of the 
above-obtained plasmid pBA-2 digested with Bam HI and Kpri i was ligated with 0.2 [ig of the DNA fragment derived from 

5 the plasmid pHC4 digested with Bam HI and KbqI using T4 DNA ligase (made by Takara Shuzo Co.). Subsequently. E. 
coli JM1 09 (made by Takara Shuzo Co.) was transformed with this DNA mixture, and was inoculated on an L-agar plate 
medium containing 1 00 fig/ml of kanamycin to obtain transformants. ! 

Plasmids were extracted from the thus-obtained transformants by the alkaline lysis method, and was subjected to I 
agarose gel electrophoresis. A recombinant plasmid in which the replication origin derived from a bacterium of the \ 

10 genus Corynebacterium was inserted into plasmid pBA-2 was selected. This plasmid was designated "pBA-3'*. 

(4) Introduction of pBA-3 into Corynebacterium ammoniagenes ATCC 21477 

0.1 ^ of pBA-3 obtained in (3) was introduced into Corynebacterium ammoniagenes ATCC 21477 by the usual ' 
15 electroporation method (Japanese Patent Application Laid-Open No. 207,791/1990). The transformed cells were inoc- 
ulated on an agar medium containing 1 % peptone, 1 % yeast extract. 0.5 % sodium chloride, 0.5 % glucose and 50 
\ig/m\ of kanamycin to obtain the transformant ATCC 21477/pBA-3. 

(5) Measurement of the inosine-guanosine kinase activity of the recombinant strain 

20 , I 

Corynebacterium ammoniagenes ATCC 21 477/pBA-3 obtained in (4) was inoculated in 50 ml of a medium (pH 7.2) 1 
containing 1 % polypeptone, 1 % yeast extract, 5 % glucose, 0.4 % potassium dihydrogen phosphate, 0.1 % magne- 1 
slum sulfate, 0.5 % ammonium sulfate, 0.5 % urea, 0.001 % ferrous sulfate, 0.001 % manganese sulfate, 0.005 g/liter ! 
of thiamine hydrochloride, 0.01 g/liter of calcium pantothenate, 30 ng/liter of biotin, 0.05 % adenine and 50 mg/liter of \ 
25 kanamycin, and was cultured at 32*'C for 24 hours. The culture was centrifuged in a usual manner to collect the cells. \ 
A step of suspending the cells in 0.9 % sodium chloride aqueous solution and centrifuging the suspension was ^ 
repeated twice to wash the cells. The resulting cells were suspended in 50 mM Ti'is-hydrochloride buffer (pH 7.9) con- 
taining 20 % glycerol and 1 00 mM potassium chloride, and the suspension was sonicated at 1 50 W for 20 minutes and ! 
then centrifuged at 1 5,000 rpm for 30 minutes to obtain a supernatant. This supernatant was applied to a Sephadex G- \ 
30 15 column (made by Pharmacia Co.) to remove low-molecular substances and the resultant solution was used as a | 
crude enzyme solution. \ 

The inosine-guanosine kinase activity of the crude enzyme solution was measured by the method described in 

Example 5 (1). At this time, ATCC 21477/pHK4 which was obtained by the transformation with plasmid pHK4 was used \ 

as a control. The results are shown in Table 7. ATCC 21477/iDBA-3 exhibited a high level of the activity, whereas no \ 

35 activity was observed in ATCC 21477/pHK4, From these results, it was demonstrated that the introduced gene derived \ 

from Exiguobacterium acetyiicum expressed inosine-guanosine kinase activity in Corynebacterium ammoniagenes. I 

Plasmid pHK4 was used as a control because it has a structure in which the trp promoter and inosine-guanosine 1 

kinase gene regions are removed from pBA-3. ! 

The strain harboring pHK4 in E. coli HB101 was designated as AJ 13136 and deposited at National Institute of Bio- I 

40 science and Human-Technology, Agency of Industrial Science and Technology, 1-3, Higashi 1 chome, Tsukuba-shi, J 
Ibaraki-ken 305, Japan, on August 1 , 1 995 under the Budapest Treaty with the accession No. PERM BP-51 86. 



Table 7 



Strain 


Specific activity 
(nmol/min/mg • protein) 


ATCC21477/pHK4 
ATCC21477/pBA-3 


not detected 
50.4 



Example 8 (Production of 5'-inosinic acid from inosine using the cells containing the inosine-guanosine kinase gene of 
Exiguobacterium acetyiicum) 

Corynebacterium ammoniagenes ATCC 21477/pBA-3 was inoculated in 450 ml of a medium (pH 7.2) containing 1 
7o polypeptone, 1 % yeast extract, 5 % glucose, 0.4 % potassium dihydrogen phosphate, 0.1 % magnesium sulfate, 0.5 
% ammonium sulfate, 0.5 % urea, 0.001 % ferrous sulfate, 0.001 % manganese sulfate, 0.005 g/liter of thiamine hydro- 
chloride, 0.01 g/liter of calcium pantothenate, 30 jJig/liter of biotin. 0.05 % adenine and 50 mg/liter of kanamycin, and 
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was n i Htirred at 32 ''C f o r 2 4 houre , Th e r e sulting cultur e wac oontrifugod at 7.000 rpm for 10 m i nu te s, iu uuI I buI 20 y uf 

wet cells as a precipitate. 

The thus-obtained ceils were suspended in amounts of 200 g/liter In 20 ml of a reaction solution (pH 7.2) containing 
50 g/Ilter of inosine, 20 g/liter of potassium dihydrogen phosphate, 30 g/liter of glucose, 5 g/lite of magnesium sulfate, 

5 10 g/liter of phytic acid (weight ratio of 50 %), 4 g/liter of Nymeen 8-215 and 1 g/Iiter of adenine. The suspension was 
incubated at 32*C with stin-ing. The pH was adjusted to 7,2 with 4 N sodium hydroxide at times, and a decreased 
amount of potassium dihydrogen phosphate was added to the reaction mixture. The reaction using ATCC 21477/pHK4 
was carried out as a control. After 30 hours of the reaction, the amount of 5'-inosinic acid in the reaction solution was 
determined through high-performance liquid chromatography 

10 The results are shown in Table 8. The amount of 5'-inosinic acid accumulated was indicated in terms of the amount 
of disodium 5'-inosinate 7.5-hydrate. From the results, the conversion of inosine to 5'-inosinic acid was observed in 
ATCC 21477/t>BA-3 which expressed the inosine-guanosine kinase activity. 



IS Table 8 





Strain 


Amount of 5'-inosinic 






acid accumulated 






(g/liter) 


20 


ATCC21477/pHK4 


not detected 




ATCC21477/pBA-3 


69.8 



Example 9 (Production of 5'-inosinic acid from inosine using the cells containing the inosine-guanosine kinase gene of i 

25 Exiguobacterium acetylicum) ] 

I 

The cells obtained in Example 8 were suspended in amounts of 200 g/liter in 50 ml of a reaction solution (pH 7,2) j 

containing 60 g/liter of inosine, 20 g/liter of potassium dihydrogen phosphate, 30 g/liter of glucose. 5 g/lite of magnesium J 
sulfate, 1 0 g/liter of phytic acid (weight ratio of 50%), 1 g/liter of Nymeen S-21 5 and 1 g/liter of adenine. The suspension 

30 was incubated at 32<'C with aerobically stirring. The pH was adjusted to 7.2 with 4 N sodium hydroxide by monitoring ^ 
using a pH meter, and a decreased amount of potassium dihydrogen phosphate was added to the reaction mixture. 

After 30 hours of the reaction, the amount of 5'-inosinic acid accumulated was 111.3 g/liter, and the molar yield thereof I 
based on inosine added was approximately 1 00%. 

35 Example 10 (Conversion of guanosine to 5'-guanylic acid using the cells containing the inosine-guanosine kinase gene) 

The cells obtained in Example 8 were suspended in amounts of 200 g/liter in 50 ml of a reaction solution (pH 7.2) 
containing 25 g/liter of guanosine, 20 g/liter of potassium dihydrogen phosphate. 30 g/Iiter of glucose, 5 g/lite of mag- 
nesium sulfate. 10 g/Iiter of phytic acid (weight ratio of 50%), 4 g/liter of Nymeen S-21 5 and 1 g/liter of adenine. The 
40 suspension was incubated at 32**C with aerobically stirring. The pH was adjusted to 7.2 with 4 N sodium hydroxide by 
monitoring using a pH meter. After 8 hours of the reaction, the amount of 5'-guanylic add accumulated was 7.3 g/liter, 
and the molar yield thereof based on guanosine added was approximately 1 4%. 

ExgmplQ 1 1 (Detection of the inosine-guanosine kinase activity in Exiguobacterium aurantiacum, Kurmia gibsonii and 
45 Kurthia zopfii) 

Exiguobacterium aurantiacum ATCC 35652 was inoculated in 50 ml of a medium (pH 9,7) containing 1 % polypep- 
tone. 1 % bacto yeast extract, 0.5 % glucose, 0,5 % sodium chloride and 1 % sodium carbonate. Each of Kurthia 
gibsonii ATCC 43195 and Kurthia zopfii ATCC 33403 was inoculated in 50 ml of a medium (pH 7.2) containing 1 % 

so polypeptone, 1 % bacto yeast extract, 0.5 % glucose and 0.5 % sodium chloride. The cultivation was carried out at 30**C 
for 4 hours. Each of the cultures obtained was centrifuged at 7.000 rpm for 10 minutes, and the precipitate was washed 
twice with 0.9 % sodium chloride to obtain wet cells. The cells were suspended in 3 ml of the buffer A and disrupted by 
sonication. The suspension was centrifuged at 15,000 rpm for 30 minutes, and the supernatant was desalted using a 
Sephadex G-25 column (manufactured by Pharmacia Co.), to obtain approximately 3.5 ml of a crude enzyme extract. 

55 Five microliters of the crude enzyme extract were added to 50 \i\ of 1 00 mM Tris-hydrochloride buffer (pH 7.5) contain- 
ing 5 mM magnesium chloride, 5 mM ATP, 100 mM potassium chloride. 0.06 mM guanosine pnd 0.04 mM [8-'''^C]-gua- 
nosine. The mixture was incubated at 30^C for 10 minutes. The amount of 5'-guanylic acid formed was determined, and 
the specific activity of the inosine-guanosine kinase was measured. The results are shown in Table 9. The inosine-gua- 



nosine kinase aotivity was nhsftrved in all of the strains. 



10 



Tables 



Strain 


Specific activity 




(nmol/min/mg • protein) 


Exiguobacterium aurantiacum 


46.3 


Kurthia gibsonil 


6.64 


Kurthia zopfii 


1.19 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



Example 12 (Detection of fragments having liomology to the inosine-guanosine kinase gene of Exiguobacterium 
acetylicum in chromosomes of Exiguobacterium aurantiacum, Kurthia gibsonii and Kurtfiia zopfii) 

Exiguobacterium aurantiacum ATCC 35652, Kurthia gibsonii ATCC 3195 and Kurthia zopfii ATCC 33403 were cul- 
tured at 30»C for 16 hours in the same manner as in Example 11. The chromosomal DNAs were prepared from the 
respective cultures in the same manner as in Example 5 (2). Ten micrograms of each of the chromosomal DNAs and 
100 units of restriction endonuciease EscRI were mixed with 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 
mM magnesium chloride, 100 mlVI sodium chloride and 1 mM dithiothreitol, and were incubated at 37»C for 14 hours 
Subsequently, the reaction mixture was extracted with phenol and the extract was precipitated with ethanol in a usual 
manner. The thus obtained chromosomal DNA digested by EcqRI was subjected to 0.8 % agarose gel electrophoresis 
and was transfenred onto a nylon membrane (made by DuPont Co.) from the agarose gel by the alkaline transfer method 
descnbed in Molecular Cloning 2nd edition, by J. Sambrook, E. F. Fritsch and T Maniatis, Cold Spring Harbour Ubo- 
ratory Press, p. 9.31 (1989). The membrane was subjected to the hybridization at 42»C for 14 hours in the presence of 
20 % formamide using as the probe the fragment containing the inosine-guanosine kinase gene derived from Exiguo- 
bacterium acetylicum. When this membrane was washed with 0.2 x SSC (0.03 M sodium chloride and 3 mM sodium 
citrate) and 0.1 % SDS, homologous fragments were detected in all of the strains. Espedally, the fragment of approxi- 
mately 4.6 kb which exhibited the strongest homology was detected in the chromosome of Exiguobacterium 
aurantiacum. 

Example 1? (Isolation of the fragment homologous to the inosine-guanosine kinase gene derived from Exiguobacterium 
acetylicum from the chromosome of Exiguobacterium aurantiacum ATCC 35652) 

Eighteen micrograms of the chromosomal DNA of Exiguobacterium aurantiacum ATCC 35652 and 200 units of 
restnction endonuciease EsqRI were reacted at 37'C for 3 hours. The reaction mixture was extracted with phenol and 
the extract was precipitated with ethanol The resulting digested fragments were subjected to agarose gel electrophore- 
sis. Fragments of approximately 4.6 kb were recovered using a glass powder (made by Takara Shuzo Co.) to obtain the 
size-selected chromosomal fragments of Exiguobacterium auran^'acum ATCC 35652. 

One microgram of plasmid vector pMW2l8 (made by Nippon Gene Co.) was incubated with 20 units of restriction 
endonuciease EsqRI at 37»C for 3 hours. The digest was extracted with phenol, and the extract was precipitated with 
ethanol. Subsequently, the DNA fragment was dephosphorylated by the alkaline phosphatase treatment. The thus- 
treated fragment was extracted with phenol, and the extract was precipitated with ethanol. 

0.2 fig of this pMW218 digested with IsaRI was ligated with 5 jig of the chromosomal fragments of Exiguobacte- 
rium aurantiacum digested with EsfiRI using T4 DNA ligase (made by Takara Shuzo Co.). Then, E. coli JM109 (made 
by Takara Shuzo Co.) was transformed with this DNA mixture, and was inoculated on L-agar plate media containing 1 00 
jig/ml of kanamycin to obtain approximately 1 ,000 transformants. 

From among the transformants obtained, the transformant to be hybridized with the probe DNA was selected by the 
colony hybridization method. A plasmid DNA was extracted from this transformant by the alkaline lysis method This 
plasmid DNA contained a DNA fragment of approximately 4.6 kb derived from the chromosome of Exiguobacterium 
aurantiacum. 

Example s (Determination of the nucleotide sequence of the inosine-guanosine kinase gene derived from Exiauobac- 
terium aurantiacum) 

The plasmid obtained in Example 13 was cleaved with restriction endonucleases, and was then subjected to the 
Southern hybridization, thereby identifying the fragment to be hybridized with the probe DNA. As a result, it was found 
that a fragment of approximately 2.7 kb which was cleaved with EcqRI and EstI was hybridized. This DNA fragment was 
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liqated with plasmid vector pSTVZa (marift hy Takara Shuro Co ) deaved with E£oRI and Psjl, and introduood into 

E.coli JM109. From among the transformants obtained, the fragment to be hybridized with the probe DNA was cloned 
by the colony hybridization method described in Molecular Cloning 2nd edition, by J. SambrooK E. F. Fritsch and T. 
Maniatis. Cold Spring Harbour Laboratory Press, p. 1.90 (1989). The inosine-guanosine kinase activity of the cell free 

5 extract of an E.coli strain hartx)ring a plasmid containing the above-fragment was measured according to the method 
described in Example 7 (5), and it was found to be approximately 300 times as high as the strain harboring the vector 
which was used for reference. Thus it was confirmed that the cloned fragment contains the inosine-guanosine kinase 
gene derived from Exiguobacterium aurantiacum. 

The nucleotide sequence of the fragment cleaved with EcoRI and Psll was determined using the thus-obtained 

10 plasmid DNA. The nucleotide sequence of the open reading frame to be presumed from the determined nucleotide 
sequence is represented by SEQ ID N0:14 in Sequence Usting. The amino acid sequence of the product to be pre- 
sumed from this nucleotide sequence is represented by SEQ ID N0:15 in Sequence Usting. Both of the nucleotide 
sequence and the amino acid sequence showed a strong homology to the inosine-guanosine kinase derived from Exig- 
uobacterium acetylicum. However, the gene was no doubt a novel gene. That is. the gene encoding the protein having 

15 the amino acid sequence represented by SEQ ID N0:15 in Sequence Usting is the inosine-guanosine kinase gene of 
Exiguobacterium aurantiacum ATCC 35652. 

As mentioned above, a gene capable of hybridizing the inosine-guanosine kinase gene derived from Exiguobacte- 
rium acetylicum was obtained, and it was confirmed that this gene encodes a protein having the inosine-guanosine 
kinase activity. 
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(I) GENEKAL INFORIUXIOH: t 

(i) APPLICAHTs AjinoiDOto Co., Ina. 

(il) TITLE OF IMVKOTIOBi: HBTHOD TOR »MDOCIirO HOCLEir ACIDS 

(iii) mnasR of seqoehcebc is 

(iV) COBRBSFONDSECB ADORESSl 

(A) ADDREaSEEi AjinoBOto Co., Inc. 
(8) STREETS 15-1, l^ob«i»hl 1-cboos 

(C) CITY: Ghuo«ku ' 

(D) STATE I Tokyo 

(B) COUNTUi JipM 
(F) 2IPi 104 

(V) CQKPUTER RSADABLB FORHl 

(A) MEDIUM TYFBi 

(B) COHPUTERi 

(C) OFERATIHG SYSTEM: 

(D) fiOFTNARB: 

(vi) CURREST APPLICATIOE DATA: \ 
(A) AFFLICATIOSi RUMBERs JP 
5^ miWf &ATE: Karch , 1996 | 

(C) CLASSIFICAIXOMI I 
(Vll) PRIORITY APPLICATIOK filATAi 1 

(A) APPLICATIOE HamERi JP patant Application Ho. 7/102888 I 
35 (B) FXLXH6 OATB< Harch 24, 1995 

(C) APPMCAT10» nUM^i JP Patent Al>plication Ho. 7/177900 

(B) FIliIHG OATEt J^ 9f 1995 
(viii)ATTORNBy/AaBnT XHFQRMATIONi 

(A) RAUBt Vbrio fiABRI I 

(B) RBGISTRATIOR NcdlBERi 10226 
(iR) TBLECONItDVIGATION INFORKATIOH: 

(A) TBLBPROKBi 03»56B8-519S 

(B) TELBFAXi 03*-568e-5137 

(C) TRLERi 



50 



(2) lOTORKATIOK FOR 8EQ ID HOlli 

(1) SEQUENCE CHARACTERISTICS I 

(R> LBNOTSi 909 bate pairs 



55 
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(B) TYPE: nucleic acid 

(C) STRANDNESS: double 
^ (D) TOPOLOGY; linear 

(ii) Molecular type: genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) Organism: Exlguobacterlum acetylicum 
15 (C) STRAIN: ATCC 953 

(ix) FEATURE 

(A) NAME/KEY: CDS 
20 (S) LOCATION: 1..909 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
ATGAATAAAA TCGCGOTAAT CGGAAAAGTA TTCGTCGACA TAAAAGGAAC TTCGTTCGCT 60 
CCTTTGCATA AGGATGCGAA AAACGTAGGA GACATCACGT TTTCAAATGG AGGAACAGGA 120 
CGCAACGTAG CACAAAATCT AGCCGTCCTC GGGAATGAAG TTCGCTTTAT CTCGACGGTT 180 
ACGAATGATC AGATTGGCGT GGGAGTGCTC GATGAGCTGA AATCCTACGG TGCGAATGTG 2 40 
GATCACGTCG AAATGTTAGA AGATCATGGA ATGGGTATGT GGCTAGCTGT CATGGATAAC 300 
GAGGGTGACT TGCAAACATC GATCTCGAAA CAACCGGATG CCAAGTTGCT CGAAGAGGCG 360 
ATTTTACGTC AATCGATCTA TGCACTCGAT GGAGTCGATG CCGTTGCAAT CGATTTGGAT 4-20 
TTGTCCGTCA CGGTCTTAGA ACGTTTGATT CATTTATGTC GTAAGATGGA GTTGCCATTG 480 
TTTGGTGTTT GTGGTCACTT GAGCGTCATC GAACGAAATC GTCATCTGCT ACAAGGGTTC 540 
ACTGGATTCA TTTGTAGCCG AGAAGAGGCT GAAATTCTGT CTGATCTATC GATCGTGACG 600 
GTCGAAGATG CGATTCATGT AGCAAATGAG CTAGCGAAAA AGGGCGCTCC GTTTACGGTC 660 
GTGACGATGA GTGAACTGGG GGCGGTCTAC GTTGATCGTC GTACGGCGAC ATCAGGTCAC 720 
GTCGGAACGA AAAAAGTGAA GGTTGTCGAC TCAACGGGAG CAGGCGATTC CTTCTTCTCC 780 
GCAGTCTTGT CCGAATTGAC ACAGGAAAAG TCAGCAGAAG AGGCTTTGAA GCTTGGTATG 840 
AAGGTCGCAG CAGAAGTCAT CGCTTCAACA GAGAATGGAC TCGTTCCTGA AATGCTAGAT 900 
GCTCTTCAA 

909 



25 



30 



35 



40 



50 



(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 303 amino acids 



55 
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20 



25 



(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
^ (ii) Molecular type : protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Met Asn Lys lie Ala Val lie Gly Lys Val Phe Val Asp He Lys Gly i 
10 . S 10 15 

Thr Ser Phe Ala Pro Leu His Lys Asp Ala Lys Asn Val Gly Asp He 
20 25 30 

15 Ser Asn Gly Gly Thr Gly Arg Asn Val Ala Gin Asn Leu' Ala 

35 40 45 

Val Leu Gly Asn Glu Val Arg Phe He Ser Thr Val Thr Asn Asp Gin 

50 55 • . 60 

He Gly Val Gly Val Leu Asp Glu Leu Lys Ser Tyr Gly Ala Asn Val \ 
^5 «r^; 70 75 80 \ 

Asp His Val Glu^Met Leu Glu Asp His Gly Met Gly Met Trp Leu Ala 
85 90 95 

Ii 

Val Met -Asp Asn Glu Gly Asp Leu Gin Thr Ser He Ser Lys Gin Pro 
100 105 110 

i 

Asp Ala Lys Leu Leu Glu Glu Ala He Leu Arg Gin Ser He Tyr Ala 1 

120 125 . ! 

1 

Leu Asp Gly Val Asp Ala Val Ala He Asp Leu Asp Leu Ser Val Thr | 
130 135 140 I 

Val Leu Glu Arg Leu He His Leu Cys Arg Lys Met Glu Leu Pro Leu | 

150 155 160 ' 

Phe Gly Val Cys Gly His Leu Ser Val He Glu Arg Asn Arg His Leu 

165 170 175 

Leu Gin Gly Phe Thr Gly Phe He Cys Ser Arg Glu Glu Ala Glu He 

180 185 190 

Leu Ser Asp Leu Ser He Val Thr Val Glu Asp Ala He His Val Ala 

195 200 205 

Asn Glu Leu Ala Lys Lys Gly Ala Pro Phe Thr Val Val Thr Met Ser 
'° . . 210 215 220 

Glu Leu Gly Ala Val Tyr Val Asp Arg Arg Thr Ala Thr Ser Gly His 



30 



35 



40 



45 
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10 



15 



20 



25 



35 



40 



45 



SO 



225 2.30 235 240 

Val Gly Thr Lys Lys Val Lys Val Val Asp Ser Thr Gly Ala Gly Asp 

245 250 255 

Ser Phe Phe .Ser Ala Val Leu Ser Glu Leu Thr Gin Glu Lys Ser Ala 

260 265 270 

Glu Glu Ala Leu Lys Leu Gly Met Lys Val Ala Ala Glu Val lie Ala 

275 280 285 

Ser Thr Glu Asn Gly Leu Val Pro Glu Met Leu Asp Ala Leu Gin 
290 295 300' 



(2) INFORMATION FOR SEQ ID- N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 amino acids 
(jP^ TYPE: amino acid 
^D). TOPOLOGY: linear 

(ii) MOLECdLaR TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
Met Asn Lys He Ala Val He Gly Lys Val Phe Val Asp He Lys Gly 
30 1 s 10 15 

Thr Xaa Phe Ala Pro Leu His Lys Asp Ala Lys Asn 
20 25 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid. .synthetic DNA 

(iii) HYPOTHETICAL: NO * 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE . DESCRIPTION: SEQ ID NO: 4: 
ATGAAYAARA THGCNGT 17 



55 
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(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 
* {B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid .. synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TTYTTNGCRT CYTTRTG 17 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUgl^CE CHARACTERISTICS: 

yv). LENGTH: 23 base pairs 

(B) ' TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid, .synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TAATCGGAAA AGTATTCGTC GAC 23 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid. . synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO ' 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GGAACTTCGT TCGCTCCTTT G 21 

(2) INFOEIMATION FOR SEQ ID NO; 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear - • 

(ii) Molecular type: other nucleic acid synthetic DNA 

(iii) HYPOTHETICAL: NO . 
20 (iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGCTGCAGGA ATGAftTJAAAA TCGCGGTAAT 30 

25 V • • 

(2) INFORMATION FGR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid. . synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GGGCATGCTG GAAAGACATA ATACGTTTCG 30 



30 



35 



45 



50 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1302 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: double 

(D) TOPOLOGY: linear 
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(ii) Molecular type: genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) Organism: Escherichia coli 
(C) STRAIN: HM70 
(ix) FEATURE 

(A) NAME/ KEY: CDS 
15 (B) LOCATION: 1..1302 " ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
ATGAAATTTC CCGGTAAACG TAAATCCAAA CATTACTTCC CCGTAAACGC ACGCGATCCG 60 

CTGCTTCAGC AATTCCAGCC AGAAAACGAA ACCAGCGCTG CCTGGGTAGT GGGTATCGAT 120 

CAAACGCTGG TCGATATTGA AGCGAAAGTG GATGATGAAT TTATTGAGCG TTATGGATTA 180 

AGCGCCGGGC ATTCAGTGGT GATTGAGGAT GATGTAGCCG AAGCGCTTTA TCAGGAACTA 240 

AAACAGAAAA ACCTGATTAC CCATCAGTTT GCGGGTGGCA CCATTGGTAA CACCATGCAC 300 

AACTACTCGG TGCTCGCGGA CGACCGTTCG GTGCTGCTGG GCGTCATGTG CAGCAATATT 360 

GAAATTGGCA GTTATGCCTA TCGTTACCTG TGTAACACTT CCAGCCGTAC CGATCTTAAC 420 

TATCTACAAG GCGTGGATGG CCCGATTGGT CGTTGCTTTA CGCTGATTGG CGAGTCCGGG 480 

GAACGTACCT TTGCTATCAG TCCAGGCCAC ATGAACCAGC TGCGGGCTGA AAGCATTCCG 540 

GAAGATGTGA TTGCCGGAGC CTCGGCACTG GTTCTCACCT CATATCTGGT. GCGTTGCAAG 600 

CCGGGTGAAC CCATGCCGGA AGCAACCATG AAAGCCATTG AGTACGCGAA GAAATATAAC 660 

GTACCGGTGG TGCTGACGCT GGGCACCAAG TTTGTCATTG CCGAGAATCC GCAGTGGTGG 720 

CAGCAATTCC .TCAAAGATCA CGTCTCTATC CTTGCGATGA ACGAAGATGA AGCCGAAGCG 780 

TTGACCGGAG AAAGCGATCC GTTGTTGGCA TCTGACAAGG CGCTGGACTG GGTAGATCTG 840 

GTGCTGTGCA CCGCCGGGCC AATCGGCTTG TATATGGCGG GCTTTACCGA AGACGAAGCG 900 

AAACGTAAAA CCCAGCATCC GCTGCTGCCG GGCGCTATAG CGGAATTCAA CCAGTATGAG 960 

TTTAGCCGCG CCATGCGCCA CAAGGATTGC CAGAATCCGC TGCGTGTATA TTCGCACATT 1020 

GCGCCGTACA TGGGCGGGCC GGAAAAAATC ATGAACACTA ATGGAGCGGG GGATGGCGCA 1080 

TTGGCAGCGT TGCTGCATGA CATTACCGCC AACAGCTACC ATCGTAGCAA CGTACCAAAC 1140 

TCCAGCAAAC ATAAATTCAC CTGGTTAACT TATTCATCGT TAGCGCAGGT GTGTAAATAT 1200 

GCTAACCGTG TGAGCTATCA GGTACTGAAC CAGCATTCAC CTCGTTTAAC GCGCGGCTTG 1260 

CCGGAGCGTG AAGACAGCCT GGAAGAGTCT TACTGGGATC GT 1302 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single ; 

i 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid. .synthetic DNA 

(iii) HYPOTHETICAL: NO 
15 (iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GGCTGCAGCC ATGAAATTTC CCGGTAAACG 30 

20 

(2) INFORMATION FOR SEQ ID NO: 12: \ 

(i) SEQUE^qE CHARACTERISTICS: | 
y^). LENGTH: 30 base pairs I 

(B) -TYPE: nucleic acid 

(C) STRANDNESS: single | 

(D) TOPOLOGY: linear 

(ii) Molecular type: ether nucleic acid. .synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 12: 
GGAAGCTTAA CGATCCCAGT AAGACTCTTC 30 

40 (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) Molecular type: other nucleic acid synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GGGGATCCTG TTGACAATTA ATCATCGAAC TAGTTAACAG TACGCAAGTT CACGTAAAAA 60 
GGGTCTGCAG CC ^2 

(2) INFORMATION FOR SEQ ID NO: 14: | 
10 (i) SEQUENCE CHARACTERISTICS: : 

(A) LENGTH: 924 base pairs . 

(B) TYPE: nucleic acid 

(C) STRANDNESS: double 
(D> TOPOLOGY: linear 

(ii) Molecular type: genomic DNA 

(iii) HYPOTHETICAL; NO 

(iv) ANTI-SENSE: NO j 
(vi) ORIGIIJAL SOURCE: 1 

yv). Organism: Exlgvobacterlum aurantlacvm I 
(C)* STRAIN: ATCC 35652 
(ix) FEATURE 

(A) NAME/KEY: CDS 
30 (B) LOCATION: 1. .654 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ATGAATACGA TTGCAGTAAT CGGCAAAGTG TTTGTCGACA TAAAAGGAAC GTCGTTCGCC 60 
CCCATCCATA AAGATGCGAA AAACGTCGGA GATATCGCCT TCTCAAACGG TGGCACCGGA 120 
CGAAACGTCG CTCAGAACTT AGGTGTCCTC GGTAACGATG TTCGGTTCGT CTCGACCGTG 180 
ACGAACGATC AAATCGGAAT CGGTGTCCTC GAAGAACTAC GCAGTTTGAA CGTCAATGTC 240 
GAACACGTCG ACTTGCTCGA AGACAACGGC ATGGGTATGT GGCTCGCGGT CATGGACAAT 300 
AACGGTGACC TCCAGACGTC AATCTCAAAA CAACCTGACG AGGCGATGAT GGAACAATGC 360 
ATCCTCCGTC GCATCGATAC CGTTTTCGCC GAGAGCACGG CTGTCGCCAT CGACCTCGAC 420 
TTATCGGTCA ACGTCTTAAA CGAGACGATT GAATTGTGCC GTGAGATGAA ACTCCCGCTA 480 
TACGGTGTAT GTGGTCACCT CTCGGTCATC GAAC6CAACC GTCACTTGCT CCAAGGGTTC 540 
ACGGGCTTCA TCTGTAGCCG CGAAGAAGCC GAGATTCTCT CGGATATGTC CATCGTCACG 600 
GTTGACGATG CCCTTCGCGT CGCCGAGGTG CTCGCCAT.GA AAGGAGCGCC GCTCACGATT 660 
GTCACGATGA GCGAGCTCGG AGCCGTCTAC GTCGACCTTC GCACGAACGA ACAAGGTCAC 720 
GTGCCGACGA CGAAAGTGAA AGTTGCCGAC TCCACAGGCG CCGGGGATTC CTTCTTCTCT 780 
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GCCGTTATTT CCGAGCTCAT GAAAGAGCAT TCGATTGAAG ATGCACTTCG TCTCGGCATG 8 40 
CGTGTCGCCG GGAAAGTCAT CGGCTCTCAT GACAACGGAC TGACGCCTGA GATGTATGCT 900 
TCACTTGAAC AACCAACACG TGAC 924 

(2) INFORMATION FOR. SBQ ID N0:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 308 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear ' 

(ii) Molecular type : protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Met Asn Thr He Ala Val He Gly Lys Val Phe Val Asp He Lys Gly 

5 10 15 

Thr Ser Phe Ala..^.o He His Lys Asp Ala Lys Asn Val Gly Asp He 
20v'. 25 30 

25 Ala Phe Ser Asn Gly Gly Thr Gly Arg Asn Val Ala Gin Asn Leu Gly 

. 35 40 45 

Val Leu Gly Asn Asp Val Arg Phe Val Ser Thr Val Thr Asn Asp Gin 
30 50 55 60 

He Gly He Gly Val Leu Glu Glu Leu Arg Ser Leu Asn Val Asn Val 

70 75 80 

Glu His Val Asp Leu Leu Glu Asp Asn Gly Met Gly Met Trp Leu Ala 

85 90 95 

Val Met Asp Asn Asn Gly Asp Leu Gin Thr Ser He Ser Lys Gin Pro 

100 105 110 

Asp Glu Ala Met Met Glu Gin Cys He Leu Arg Arg He Asp Thr Val 

120 125 
Phe Ala Glu Ser Thr Ala Val Ala He Asp Leu Asp Leu Ser Val Asn 
130 135 

Val Leu Asn Glu Thr He Glu Leu Cys Arg Glu Met Lys Leu Pre Leu 

150 • 155 160 

50 Tyr Gly Val Cys Gly His Leu Ser Val He Glu Arg Asn Arg His Leu 

165 170 175 
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Leu Gin Gly Phe Thr Gly Phe He Cys Ser Arg Glu Glu Ala Glu He 

"0 185 190 

Leu ser Asp Met Ser He Val Thr Val Asp Asp Ala Leu Arg Val Ala 

195 200 205 

Glu Val Leu Ala Met Lys Gly Ala Pro Leu Thr He Val Thr Met Ser 

210 215 220 

Glu Leu Gly Ala Val Tyr Val Asp Leu Arg Thr Asn Glu Gin Gly His 

230 235 240 

Val Pro Thr Thr Lys Val Lys Val Ala Asp Ser Thr Gly Ala c51y Asp 

245 250 255 

ser Phe Phe Ser Ala Val He Ser Glu Leu Met Lys Glu His Ser He 

- 260 265 270 

Glu Asp Ala Leu Arg Leu Gly Met Arg Val Ala Gly Lys Val He Gly 

275 . 280 285 

ser His Asp Asn^Gly Leu Thr Pro Glu Met Tyr Ala Ser Leu Glu Gin 

290 ' 295 300 

Pro Thr Arg Asp 
305 



so 
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Claims 

1 . A process for producing 5'-lnosinic acid or 5'-guanylic acid, which comprises contacting a transformant obtained by 
introducing a gene encoding a protein having inosine-guanosine Idnase activity into a microorganism capable of 
reproducing ATP, with inosine or guanosine or a precursor thereof, an energy source and a phosphate donor accu- 
mulating S'-inosinic acid or 5'-guanylic add in the reaction solution, and collecting the same therefrom. 

2. The process for producing 5'-inosinic acid or S'-guanylic acid according to Claim 1 , wherein the microorganism 
capable of reproducing ATP belongs to a genus selected from the group consisting of Corynebacterium 
Escherichia, Saccharomyces. Staphylococcus and Candida. 

3. The process for producing 5'-inosinic acid or 5-guanylic add according to Claim 1 , wherein the microorganism 
capable of reprodudng ATP belongs ta^^Wemctmmmmhlagenes. 

4. The process for produdng 5'-inosinic add or 5'-guanylic acid according to any one of Claims 1 to 3 wherein the 
gene encoding the protein having inosine-guanosine kinase activity is a gene derived from Exiguobacterium 
acetylicum or a gene capable of hybridizing said gene. 

ss 5. The process for producing S'-inosinic add or 5'-guanylic acid according to any one of Claims 1 to 3 wherein the 
gene encoding the protein having inosine-guanosine Idnase activity is a gene derived from Escherichia coli or a 
gene capable of hybridizing said gene. 
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6. A transformant obtained by introducing a gene encoding a protein having inosine-^uanosine kinasft activity into a 
microorganism capable of reproducing ATP. 

7. The transformant according to Claims 6, wherein the microorganism capable of reproducing ATP belongs to a 
5 genus selected from the group consisting of Corynebacterium, Escherichia, Saccharomyces, Staphyiococcus and 

Candida, 

8. The transformant according to Claims 6. wherein the microorganism capable of reproducing ATP belongs to 

Corynebacterium ammoniagenes . 

10 

9. The transformant according to any of Claims 6 to 8, wherein the gene encoding a protein having inosine-guanosine 
kinase activity is a gene derived from Exiguobacterium acetylicum or a gene capable of hybridizing said gene. 

10. The transformant according to any of Claims 6 to 8, wherein the gene encoding a protein having inosine-guanosine 
15 kinase activity is a gene derived from Escherichia coli or a gene capable of hybridizing t>aid gene. 

11. A recombinant DNA being capable of replicating in Corynebacterium ammoniagenes and containing a gene 
encoding a protein having inosine-guanosine kinase activity 

20 12. The recombinant DNA according to Claim 11, wherein the gene encoding a protein having inosine-guanosine 
kinase activity is a gene derived from Exiguobacterium acetylicum or a gene capable of hybridizing said gene. 

13. The recombinant DNA according to Claim 11, wherein the gene encoding a protein having inosine-guanosine 
kinase activity Is a gene derived from Escherichia coli or a gene capable of hybridizing said gene. 

25 

14. A protein obtainable from a microorganism belonging to Exiguobacterium acetylicum having inosine-guanosine 
kinase activity and the following characteristics: 

(1) Action 

The enzyme transfers a phosphate group into a nucleoside in the presence of a phosphate donor and 
forms a nucleoside 5*-monophosphate. 

(2) Substrate specificity 

A phosphate group in the yposition of a nucleoside triphosphate is transfen-ed to the other nucleoside. 

(3) Optimum pH 
55 pH 7.7 - 9.9. 

(4) pH stability 

pH 6.7-12.1. 

(5) Optimum temperature 

30 - 50**C. 
40 (6) Metal requirement 

Magnesium ion, manganese ion, cobalt ion or iron ion 
(7) Influence of metal ions 

The activity of the enzyme Is strongly inhibited by copper ion and mercury ion, and is also inhibited by zinc 
ion and cadmium ion. 
45 (8) Km value 

Km value is 0.03 mM for guanosine, 1 mM for inosine, and 1 .6 mM for ATP when guanosine is used as a 
substrate. 

(9) Molecular weight. 

The enzyme has a molecular weight of approximately 36 kilodaltons as measured by SDS-polyacrylamide 
5c?. gel electrophoresis. 

15- A protein having inosine-guanosine kinase activity and having the amino acid sequence which is shown in SEQ ID 
N0:2 or in which a part of amino acids are deleted, substituted or added in the amino acid sequence shown in SEQ 
IDN0:2. 

55 

16. A gene encoding a protein according to Claim 14 or 15. 

17. A gene encoding a protein having inosine-guanosine activity, and having a nucleotide sequence shown in SEQ ID 
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NQ:1 or being capable of hybridizing a gfinft having said nucleotide sequence. 
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